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SUMMARY 


Growing interest in close>coupled aircraft configurations, often using vec- 
tored thrust exhaust nozzles, has forced increasing emphasis on the ac- 
curate simulation of propulsive flows in aircraft wind tunnel models. NASA 
Ames Research Center is developing the Propulsion Simulator Calibration 
Laboratory (PS CL) in which calibrations can be performed to determine 
the gross thrust and airflow of propulsion simulators installed in wind 
tunnel models. This report describes the preliminary checkout, evalua- 
tion and calibration of the PSCL’s 3-component force measurement sys- 
tem. 

Methods and equipment were developed for the alignment and calibration of 
the force measurement system. The initial alignment of the system demonstrated 
the need for more efficient means of aligning system’s components. The use of 
precision alignment jigs would increase both the speed and accuracy with which 
the system is aligned. The calibration of the force measurement system proved 
that the methods and equipment developed for this procedure could be used suc- 
cessfully. 

The initial calibration of the force measurement system of the PSCL showed 
that calibrations of propulsion simulators can be performed with force accuracies 
of i0.826%fuU scale. This is lower than the i0.05%full scale accuracy required 
for these calibrations. The accuracy of the force measurement system is limited 
by the low accuracy of the force transducers being used. It is recommended 
that higher accuracy transducers be used to improve the system’s performance. 

Further investigations that are required to validate the system’s performance are 
outlined. 
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Chapter 1 


Introduction 


The Aerodynamics Division at NASA’s Ames Research Center is con- 
structing a laboratory which will accurately calibrate propulsion simulators 
installed in wind tunnel models. This facility, called the Propulsion 
Simulator Calibration Laboratory(PSCL), provides the proper static pressure 
environment in which the gross thrust and airflow of the simulators are 
calibrated. It will be used for the calibration of turbo powered simulators, 
flow through and jet effects models, and for secondary calibrations of airflow 
meters. 


The purpose of this project was to perform the operational checkout 
and initial calibration of the PSCL’s force measurement system. This project 
was performed in copjunction with the construction and checkout of the other 
facility systems in the overall effort to make the PSCL an operational laboratory. 
Figure 1.1 shows a wind tunnel model installed in the PSCL’s calibration tank. 


The operational checkout of the force measurement system consisted 
of developing the methods and equipment used to level and align the various 
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I. Introduction 


Figure 1.1: PSCL Calibration Tank (ref. 1) 
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1. Introduction 


components of the force measurement system during their installation. Since 
the force measurement system isr designed such that its configuration can be 
changed to calibrate a variety of simulators, this leveling and alignment procedure 
will be used repeatedly. The operational checkout also involved an evaluation 
of the ease and accuracy with which the system can be set up and used. 
Recommendations are made for improvements to the system’s equipment and the 
set up procedures. 

The initial calibration of the force measurement system investigated the 
operational characteristics of the system. After developing the equipment 
and methods that were required to perform the calibration, an evalua- 
tion of the overall accuracy of the system and of those elements likely 
to degrade performance of the system was made. Again, recommenda- 
tions for improvements are made along with suggestions for future investiga- 
tions. 

The following paragraphs outline how the information about this project will 
be presented in this report. 

Chapter 2 provides a description of the developments in aeronautics that 
spawned the need for the PSCL. A brief history is given on the work that has 
been done in the area of propulsion simulation. 

In Chapter 3 the PSCL is described to familiarize the reader with the 
laboratory’s various systems and capabilities. 

Chapter 4 contains a detailed description of the force measurement system, 
of both its components and the theory of its operation. The parameters 
which are expected to effect the system’s accuracy are discussed. Methods 



1. Introduction 


of correcting for these parameters are outlined. This chapter also details the 
procedures and equipment used to level and align the system during its initial 
installation. 

An overview of the calibration is provided in Chapter 5. This includes 
a discussion of how the system’s errors were investigated. The equipment 
and procedures used in the calibration and the results of the calibration are 
discussed. 

The recommendations, developed as a result of this project, are contained in 
Chapter 6. Conclusions on the accuracy of the force measurement system, along 
with its operational characteristics are covered. Recommendations to improve the 
system’s operation and its accuracy are presented along with recommendations of 
further work that is needed to be performed. 
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Chapter 8 


History 


2.1. Introduction 

The advent of close-coupled aircraft configurations(an example of which 
is shown in Figure 2.1) has forced increasing emphasis on the accurate simulation 
of propulsive flows in aircraft wind tunnel models. Compact placement of the 
inlet, canard, wing, and exhaust nozzle are characteristic of the V/STOL(Vertical 
Take Off and Landing) flghter aircraft that are currently being studied. These 
configurations exhibit a significant amount of airframe/propulsion system fiow 
field interaction which is not adequately predicted by present wind tunnel test 
methods. 


2.2. Compact Multi-hfission Aircraft Propulsion Simulator 

The Aerodynamics Division at Ames Research Center is committed to two 
programs designed to advance the state-of-the-art of propulsive fiow simulation 
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2. History 


2.2. Compact Multi-Mission Aircraft Propulsion Simulator 


r 


Figure 2.1: Close*Coupled Aircraft ConiiguratioD 



FEATURES: 

• Lift/cruise engine with non-axisymmetric 
thrust vectoring nozzles 

• Forward lift fan or lift engine 

• Close coupled inlets and nozzles 

• Canards 
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2.2. Compact Multi-Mission Aircraft Propulsion Simulator 


in aircraft wind tunnel tests. The first program is the development of an 
air driven turbine engine called the Compact Multi-Mission Aircraft Propulsion 
Simulator(CMAPS). Conventional wind tunnel tests often employ two models to 
simulate the airframe/propulsion system interactions. A fiow through model is 
used to obtain the inlet performance and a jet effects model is used to obtain 
the nozzle performance. The information from the tests of these two models 
is combined to determine the overall system performance. The CMAPS has 
the advantage over the two model technique by being able to simultaneously 
simulate the inlet and exhaust flows of supersonic fighter aircraft in wind tunnel 
models. 

The CMAPS, seen in Figure 2.2, is a 0.085 scale version of a mixed 
flow turbine engine. The design is based on an engine with a fan pres- 
sure ratio of 2.9 and bypass ratio of 1.1. The engine employs a four stage 
compressor, a single stage turbine, and a single compressor /turbine rotor in 
its design. It has an overall length of 26.4 cm (10.4 in,), without an ex- 
haust nozzle, and a compressor face diameter of 7.6 cm (3.0 in.). The 
turbine is driven by high pressure air which is supplied from an external 
source. 

Since the program began in 1969, the simulators have gone through several 
phases of development and testing. Much of the work was performed under the 
sponsorship of the United States Air Force Aero Propulsion Laboratory by the 
General Electric Company, McDonnell Douglas Corporation, Tech Development 
Inc., and ARO Inc. at Arnold Engineering and Development Center(AEDC). 
This included the mechanical and operational checkout, control and performance 
testing, and the development of wind tunnel test techniques for these engines. 
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2.2. Compact Multi-Mission Aircraft Propulsion Simulator 


2. History 



2, History 


2,3. Propulsion Simulator Calibration Laboratory 


The ARC program ia currently evaluating the simulators for their applications 
to wind tunnel tests of fighter aircraft. This has included conducting a 
wind tunnel test operating two simulators installed in an aircraft wind tunnel 
model. 


2.3. Propulsion Simulator Calibration Laboratory 

The construction of the Propulsion Simulator Calibration Laboratory(PSCL) 
is the second program in this effort to develop the hardware and techniques 
needed to better simulate propulsive flows. The PSCL is designed to fulfill the 
need for a facility in which the CMAPS and other simulators can be accurately 
calibrated. 

The conceptual design of the PSCL, which began in 1979, showed that 
a facility was needed that could provide the proper static pressure environ- 
ment so that simulators could be calibrated at the correct nozzle pres- 
sure ratios. To obtain installed performance(inlet and nozzle effects in- 
cluded in the calibration) the calibration chamber had to be large enough 
to accomodate an entire wind tunnel model with the simulators installed. 
The facility would need to supply heated, high pressure adr to drive the 
CMAP’S turbines and as an inlet air supply. Accurate flow and force 

measurement systems would be required to calibrate simulator airflows and 
thrust. The conceptual design of the PSCL evolved from these require- 
ments. 

The detailed design of the laboratory has been completed along with the 
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2. History 


2.3. Propulsion Simulator Calibration Laboratory 


majority of the construction and fabrication work. The operational checkout of 
the laboratory’s systems is now under way along with the facility safety review. As 
a part of the effort to make the PSCL operational, a project was begun in January 
1981 to perform the operational checkout and calibration of the laboratory’s 
force measurement system. This report discusses the work performed on this 
project. 
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Chapter 3 


PSCL Facility Description 


3.1. Introduction 

The Propulsion. Simulator Calibration Laboratory will furnish all 
the facilities necessary to perform the accurate calibration of gross thrust 
and airflow for propulsion simulators. In addition to the CMAPS, the 
PSCL will be used for the calibration of flow through and jet effects 
models, isolated ducts and nozzles, and secondary calibrations of airflow 
meters. 


For the CMAPS to be used as an effective tool, the PSCL must provide 
calibration data accuracy on a level corresponding to ±1 drag count in wind 
tunnel testing. To achieve this goal requires that PSCL have the following full 
scale(F.S.) measurement accuracies: 

• iO.l %for airflow measurements 

• ±0.05 %for force measurements 
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3. PSCL Facility Description 


8.2. Vacuum Tank and Pumping Plant 


• ±0.25 %for pressure measurements 

• ±1®F for temperature measurements 

The PSCL occupies the area once used for a 0.3 x 0.9 m (1 x 3 ft) 
supersonic wind tunnel. The test section of the old tunnel circuit has been 
removed and a vacuum tank installed in its place. Figure 3.1 shows the floor 

m 

plan of the PSCL. The major systems of the laboratory are (1) a vacuum tank 
and pumping plant, (2) a force balance assembly(located inside the vacuum tank), 
(3) a high pressure air supply and control system, and (4) a data acquisition 
system. 


3.2. Vacuum Tank and Pumping Plant 

The vacuum tank(Figure 1.1) provides the proper static pressure en- 
vironment in which the propulsion simulators are calibrated. Since the 
static pressure of the wind tunnel test is matched in the vacuum tank, the 
simulators can be calibrated at the correct nozzle pressure ratio. The tank’s 
large size, approximately 7.62 m (25 ft) in length and 3.66 m (12 ft) in 
diameter, permits an entire wind tunnel model(including its sting and the re- 
lated test hardware) to be submerged in this pressure environment. This 
reduces the amount of time spent to disassemble and reassemble the model, 
and also increases the commonality between the static test and the wind tun- 
nel test setup. The entire bell end of the tank is hinged, which allows 
access to the wind tunnel models and the various systems installed in the 
tank. 
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3. PSCL Facility Description 


3.2. Vacuum Tank and Pumping Plant 


Figure 3.1; Floorplan of Propulsion Simulator Calibration Laboratory (ref. 1) 


CONTROL AND DATA 

VACUUM PUMP ROOM ACQUISITION ROOM CALIBRATION TANK 





3. PSCL Facility Description 


3.8. Force Measurement System 


The PSCL wUl use the 0.3 x 0.9 m tunnel’s pumping plant for the tank 
vacuum source. The pumping plant consists of four parallel connected Carrier 
Corporation compressors(^l-4 in Figure 3.1) in series with a Clark Corporation 
compressor(#5 in Figure 3.1). The Carrier centrifugal compressors are each 
rated at 228,120 kg-m/sec (3000 HP) and have a compression ratio of 2.38. 
The Clark centrifugal compressor is rated at 386,283 kg-m/sec (5080 HP) and 
has a compression ratio of 3.43. The pumping plant has a total compression 
ratio of 8.1 which allows the tank to be maintained at 12.4 kN/m^ (1.8 psia) 
with the CMAPS being operated at their maximum flow of 8.16 kg/sec (18 
Ib/sec). 


3.3. Force Measurement System 

The force measurement system uses a metric frame supported on an isolation 
frame by hydrostatic bearings(see Figure 3.2.) The design allows three degrees 
of freedom in the horizontal plane(two forces and one moment). Connecting 
rods link the metric frame to the three load cells that are attached to the 
rails flxed at the sides and end of the vacuum tank(see Figure 3.3.) The 
three high-precision uniaxial load cells are used to measure the forces and 
moment. This will satisfy the force measurement requirements in the lift, 
thrust, and pitch degrees of freedom for V/STOL models equipped with vec- 
tored thrust nozzles and forward lift engines. Sets of load cells are avail- 
able for load ranges up to 4448 N (lOOOlb). A detailed description of the 
force measurement system and its alignment is presented in the next chap- 
ter. 
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3. PSCL Facility Description 


3.3. Force Measurement System 


Figure 3.2: PSCL Floating Support System(ref. 1) 
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3. PSCL Facility Description 


3.3. Force Measurement System 


Figure 3.3: The PSCL’s Force Measurement System 
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3. PSCL Facility Description 


3.4. High Pressure Air System 


3.4. ffigh Pressure Air System 

The PSCL’s high pressure air supply and control system is designed to meet 
the airflow requirements of the wide variety of simulators to be calibrated in 
the laboratory. To accomplish this task, the laboratory must be able to provide 
correct airflow to the simulators controlled to the proper pressure and temperature. 
All the airflows must be accurately measured and must cross onto and off the 
metric frame with a minimal effect to force measurements. And finally, special 
hardware is required to supply air to simulator inlets and extract the exhaust 
flows. 


3.4.1. Air System Heater and Control Valving. 

For the CMAPS, heated, high pressure air is required for the inlet aur 
supply and to drive the turbine. Figure 3.4 shows schematic of the PSCL’s 
high pressure air system. High pressure air, 20.68 MN/m^ (3000 psia) 
is supplied to the laboratory by the Ames High Pressure Air Distribution 
Network. 

As the air enters the laboratory, it passes through a 25;ti Alter. Part 
of the air passes throu^ a 1 MW air heater while the remaining air is 
bypassed. The heater can bring the air to a temperature of 93.3* C (200*F). 
Part of the air from the heater is supplied directly to the CMAPS tur- 
bine. Heating the air to drive the turbine prevents ice from forming in 
the CMAPS bleed air passages. The heated air that was not directed 
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3. PSCL Facility Description 


3.4.1 Air System Heater and Coatrol Valving 


Figure 3.4: PSCL High Pressure Air System(ref. 1) 
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3. PSCL Facility Description 


3.4.2. Airflow Measurement 


to the turbines and that air which originally bypassed the heater is then 
used to supply the inlet air. This air is mixed by a valve to match 
the expected wind tunnel total temperature. As shown in the figure, each 
simulator will have its own set of control valves for the inlet, drive, and bleed 
airflows. 


3.4. 2. Airflow Measurement. 

To accurately calibrate the simulators’ airflow, all of the inlet, drive 
and bleed flows must be accurately measured. Critical flow venturis have 
been selected for this task because of their high level of accuracy. Figure 
3.4 shows the placement of the venturis in the high pressure air sys- 
tem. 

3.4.3. Air Line Bridge. 

Airflows need to cross on and off the metric frame without effecting the 
force measurement accuracy. Figure 3.5 shows the air line bridge developed 
for this task. The bridge consists of one inlet air line, one drive air line, 
and two bleed air lines. The bridge attaches at the top of the vacuum 
tank and at the metric frame. It is designed with the large distance bet- 
ween the attachment points to provide a low stiflhess, low hysteresis bridge 
across the load cells. The air lines are circular so that any effects of heat- 
ing and pressurizing the lines will be canceled. The model airflows will cross 
the metric boundary at right angles to the plane of measurement. This will 
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3. PSCL Facility Descriptiog 


3«4.3. Air Line Bridge 


Figure 3.5: High Pressure Air Line Bridge 
BLEED AIR LINES(2) 




3. PSCL Facility Description 


3.4.4. Inlet Air Supply Plenum and Ducting 


minimize the effect of the momentum of these flows on the force measure- 
ments. 


3.4.4. Inlet Air Supply Plenum and Ducting. 

Because an inlet operating statistically experiences severe flow distor- 
tion, air will be supplied to the simulator inlet to match wind tunnel 
freestream stagnation conditions. The inlet air will be supplied through a 
settling plenum and duct work connected through a metric break to the in- 
let of the model. The inlet plenums will be designed to be adjustable so 
that a variety of simulator equipped models can be accommodated. An 
air supply pressure up to 110.3 kN/m^ (16 psia), regulated to a tempera^ 
ture of 48. 9® C (120"F), will be available at the inlets for simulator calibra- 
tions. 


3.4.5. En(pne Exhaust Air Scavenging Ducts. 

The engine exhaust extractors will be designed to capture simulator exhaust 
to prevent exhaust recirculation or impingment on the metric frame. This 
system, like the inlet plenums, will be moveable so that a variety of flows 
can be captured. This will include flows from forward lift engines as well as 
deflected nozzles. The exhaust extractors duct the captured air to the vacuum 
pumps. 
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3. PSCL Facility Description 


3.5. Data Acquisition System 


3.5. Data Acquisition System 

The PSCL has a data acquisition system(DAS) compatible with the Ames 
Unitary Wind Tunnel Standard Data Acquisition System. There are 60 

data channels presently available, with the capability to expand to 250 chan- 
nels. All the instrumentation cabling required for a simulator calibration 
is provided. A termination panel is installed on the metric frame for con- 
venient connection of the simulator instrumentation to the DAS. Excitation 
and signal conditioning will be done by a Teledyne Controls Programmable 
Preamplifier Filter Unit (PPAFU). Analog data will be collected at the calibra- 
tion laboratory by a Teledyne Controls Remote Multiplexer-Demultiplexer Unit 
(RMDU). The RMDU will convert the analog signals to digital data and 
transmit the data offsite to the PSCL’s central processor via a fiber optic 
link. 


The data acquisition and storage is managed by a Digital Equipment 
Corporation PDP 11/34. The PDP 11/34 is equipped with 256k MOS memory 
and two 5.2 MB disk drives. Although plotting and the majority of the computa- 
tion is done offsite, selected parameters will be computed on a real time basis and 
made available in the control room. 


Figure 3.6 provides a summary of the PSCL’s capabilities. 



3. PSCL Facility Description 


3.5. Data Acquisition System 


Figure 3.6: PSCL’s Capabilities 


CAUBEATION CAPABILITY 

-Installed Simulator Performance in Complete Unitary 
Wind Tunnel Models 
-Isolated Simulator Performance 
-Flow Thru and Jet Effects Model Performance 
-Isolated Ducts and Nozzles 
-Flowmeters 

-Installed Subsonic Simulator Performance 
-Isolated Subsonic Simulator Performance 

SYSTEM CAPACITY 
-Force 0-4448 N (0-1000 lb) 

-Airflow 0-11.8 kg/sec (0-26 Ib/sec) 

-Air Heating 1 megawatt 

-Vacuum 124I0N/m* @ 8.2 kg/sec (1.8 psia §18 Ibm/sec) 
-Engine Pressure Eatio/Nozzle Pressure Eatio Simulated to M^2.0 
-Chamber Size ~3.66 m (12 ft) dia x 7.62 m (25 ft) long 

DATA ACQUISITION SYSTEM 

-Unitary Wind Tunnel Standard Data Acquisition System 

Digital Equipment Corp, PDP 11/34 with 256 kW MOS Memory 
2 Each 5.2 MB Disk Drives 
Data Eeduction Available On Site 
Plotting Available Off Site 
-45 Channels Analog(Expandable to 250 Channels) 

ACCUEACY GOALS (STATE-OF-THE-AET) 

-Overall Force Eesolution Equivalent to ±1 Drag Count 
(or better) 

-iO.1% Airflow Accuracy ^ 

-40.05% Force Accuracy I Full Scale 

-iO.25% Pressure Accuracy ) 

-±0.6'’ C (rF) Temperature Accuracy/ 



Chapter 4 


PSCL Force Measurement System 


4 . 1 . Introduction 

The force measurement system of the PSCL is a three component balance 
which is designed to perform accurate force calibrations of propulsion simulators 
installed in wind tunnel models. The PSCL’s force measurement system has 
three degrees of freedom in the horizontal plane, permitting measurement of 
two forces and one moment. This fulfills the calibration requirements for the 
thrust, lift, and pitching moment generated by simulator equipped V/STOL 
models. 

Figure 4.1 shows the arrangement of the components of the force 
measurement system in the vacuum tank. The system consists of: l)a wind tun- 
nel model support system, 2)load cell connecting rsdls, 3)fies:ure/connecting rod 
assemblies, 4)load cells, 5)load cell mounting hardware, and 6)frame lock-out and 
frame travel stops(which are not shown.) 

Simulator equipped wind tunnel models are mounted on the metric frame 
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4.1. Introduction 


Figure 4.1: PSCL Force Measurement System 
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4.2. System Components 


which is floating on three hydrostatic oil bearings(see Figure 3.2.) This al- 
lows the frame free movement in the horizontal plane. Thrust loads produced 
by the simulators are transferred from the metric frame through a connecting 
rod to a load cell mounted on the rear load cell rail. Lift loads and pitch- 
ing moments are transferred through connecting rods to the two load cells 
mounted on the side rails. All loads are in tension. Figure 4.2 shows the 
layout of the system’s force sensing members and gives the basic equations 
used for determining the forces and moment. The nomenclature presented 
in the flgure conforms to the stamdard used for wind tunnel model force 
balances. 

The force measurement system, like the rest of the PSCL, was designed to 
be as flexible as possible so that a wide variety of force calibrations can be per- 
formed. The configuration of the balance and the support systems can be changed 
to accomodate specific teats. The force balance capacity can be varied by simply 
changing load cells. 


4.2. System Components 


4.2.1. Wind Tunnd Model Support System. 

The wind tunnel model support system, shown in Figure 4.3, consists 
of a metric frame, three Iqrdrostatic bearings, and an isolation frame. The 
metric frame is designed to support a variety of simulator equipped wind 
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4.2.1. Wind Tunnel Model Support System 


Figure 4.2: Force Balance Axis System amd Nomenclature 



where: 

A = Axial Gauge 
= Forward Normal Gauge 

N2 = Aft Normal Gauge 
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4.2.2. Load Cell Rails 


tunnel models. This includes sting mounted and floor mounted half-model 
types. 

The metric frame is floated on three low-friction hydrostatic bearings. A 
representation of a bearing is shown in Figure 4.4. The bearings travel on 
a fllm of high pressure oil pumped between the pad surfaces. The lower set 
of pads(flat) allow horizontal travel of the bearings, while the upper set of 
pads(hemispherical) allows the bearings to a(^just to a slight angular misalignment 
during setup. A hydraulic power supply is used to pump high pressure 
oil, 20.7 MN/m^ (3000 psi) to the bearing pads at a rate of 7.2 1/min 
(1.9 gpm). A scavenge pump collects the oil at the bearings and returns 
it to the hydraulic power supply to be recirculated. The bearings have a 
horizontal travel of ^0.64 cm (iO.25 in.) and an angular travel of iO.09 rad 
(±5»). 

The hydrostatic bearings rest on the corners of the triangular isolation 
frame. The three legs of the isolation frame pass through the wall of the 
vacuum tank to the floor of the laboratory. This arrangement isolates the 
model support system from any physical distortion of the tank due to changes 
in the chamber temperature and pressure. There is a screw jack at the end of 
each of the isolation frame’s legs to allow leveling and height adjustment of the 
frame. 

4.2.2. Load CeU RaUs. 

An overhead view of the load cell rails is shown in Figure 4.2. The load 
cells are mounted on the non-metric rear and side rails which are bolted to 
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4.2.2. 


Figure 4.4; Hydrostatic Bearing 



SO 



4. PSCL Force Measurement System 


4.2.3. Flexure/Conaecting Rod Assemblies 


blocks that are welded to the vacuum tank. Rods connect the load cells to the 
metric center rail which is bolted to the metric frame. There are flfteen(15) 
stations, spaced 0.3 m (1 ft) apart, available for placement of the two lift load 
cells(iVi and N 2 .) This flexibility in placement will allow the system to be 
configured such that the load cells carry equal loads even as different models are 
calibrated. 


4.2.3. Flexure/Conneeting Rod Assemblies. 

Flexure/connecting rod assemblies transfer the tension forces from the metric 
frame to the load cells. Figure 4.5 shows an assembly. Long connecting rods, 
approximately 0.9 m (36 in.), are used to minimize the effects of misalignment of 
the load cells due to deflections in the support hardware during loading. The 
jam nuts permit the orientation of the flexures to be adjusted by removing 
any slack in the connecting rod’s threads. Low-stiflRness flexures(Figure 4.6) 
have been placed at the end of the connecting rods to allow for a slight 
amount of misalignment during installation and operation. The flexures have 
an initial stifhiess(K^) of approximately 264 cm-kg/rad (4 in-lb/deg). The 
cut-out perpendicular to the flexural element is sized to prevent excessive 
deflections. 

4.2.4. Load Cells. 

Three high-precision uniaxial load cells are used to measure the forces 
generated by the simulators. Figure 4.7 shows the typical geometry of the 
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Figure 4.7: PSCL Load Cell Specifications 


installation dimensions 


INCHES 

[mm] 



Non«l1n«ar1ty-X Full Scale 

Hysteresis-^ Full Scale 

Non-Repeatability-% Full Scale 

Temperature Range. Compensated-“F (-15 to 

Temperature Range. Operating-^F (-50 to 90''C) 

Thermal Sens1tivity-% of Reading (t0.0015/"C ) 

Thermal Zero-% Full Scale/®F (i0.0015/"C ) 

Thermal Zero-X Full Scale/®F (± 0 . 0022 / 0 ) 


For Moisture Resistant Models 

Creep. After 20 Min.-% of Load 

Overload Ratings-X Rated Capacity 

Safe 

Ultimate 

Nominal Output-mV/V 

Zero Balance-X Full Scale 

Input Resistance-Ohms 

Output Resistance-Ohms 

Excitation Voltage 

Recommended- VOC * 

Maximum-VAC or VDC 

Insulation Resistance, Bridge to Case-Megohms 
Side Load Effects 

1® Load 0ff$et-% Full Scale 

3® Load Offset-* Full Scale 


+0.03 
+ 0.02 
+ 0.01 
0 to 150 
-65 to 200 
+0.0008 
+0.0008 
+ 0.0012 

_^p.03 

+150 

+500 

3 

+ 1 

35IH3.5 
35013. 5 

10 

15 

5000 


0.1 

0.3 
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load cells along with their performance specifications. The load cells are 
manufactured by Genisco Corp. Load cells with full scale ranges from 22 
to 4448 N (5 to 1000 lb) are available for conducting calibrations. The 
capability to change the load capacity will allow the force measurement sys- 
tem to be tailored to the specific requirements of each calibration. This 
should provide the highest possible force resolution for eawh simulator calibra- 
tion. 


4.2.5. Load Cell Mounting Hardware. 

-The load cells are clamped to the load cell rails using the mounting 
hardware shown in Figure 4.8. The load cell is screwed onto the load cell 
mount which is claunped between the top and bottom pieces of the mount- 
ing bracket. The load cell mount has 2.54 cm (1.0 in.) of travel in 
the mounting brackets so that the flexure/connecting rod length can be ad- 
justed. 


4.2.6. IVame Lock-Out System and Travel Stop Blocks. 

Two systems have been developed to protect the force measurement sys- 
tem. The first system, the metric frame lock-out, restrains the movement 
of the frame when the hydrostatic bearings are not operating. This prevents 
possible damage to the bearing surfaces. The system uses four hydrauli- 
cally actuated pistons placed on the side rails near the four corners of the 
metric frame. When released, the pistons seat in cones, which are attached 
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LOWER MOUNTING 
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Figure 4.8: I-oad Cell Mouiiling llar<lware 
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to the metric frame, to lock out ai^ movement of the frame. This system 
also protects the load cells from damage while installing models or perform- 
ing other work in the tank. Figure 4.9 shows one of the four lock-outs. 


The second protection system is the frame travel stop blocks. The travel 
stop blocks, shown in Figure 4.10, limit the travel of the metric frame to prevent 
the load cells from being overloaded. The blocks consist of a square beam 
placed inside a larger square beam. One beam is bolted to the metric frame 
and the other to the non-metric supporting structure. By adjusting screws, the 
distance that one beam can move with respect to the other is limited. The 
gap for the screws is set using micrometers. There is one set of blocks at each 
end of the metric frame. There are future plans to develop a sensing system 
to be used in conjunction with the travel stops to warn if the travel stops are 
fouling. 


4.3. Force Measurement System Errm Parameters 

F>om the general description of the PSCL and the detailed description 
of the force measurement system, it can be seen that the PSCL’s force 
measurement system is influenced by a wide range of parameters which 
could cause errors in the force readings. If these errors are large enough 
to effect the accuracy of the system, ±0.05% full scale, they will either 
have to be eliminated or an analytical method will have to be developed 
to account for them. The following subsections describe the parameters ex- 
pected to effect the force readings and suggest ways to either account for 


S7 






Figure 4.9: Metric Frame Lock-Out 
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Figure 4.10: Travel Stop Block 
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4.3.1. Misalignment Errors 
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these parameters in the data reduction equations or physically correct the er- 
rors. 
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4«3.1. Misalignment Errors. 


Errors will be created due to the misalignment of the frame with respect to 
the load cells. This includes both the initial misalignment, introduced during the 
force measurement system installation, and the misalignment due to the structural 
deflection of the system under loading. Figure 4.11 shows the effects of an initial 
misalignment on a load reading. Instead of sensing the applied load, F^pp , only 
the load Fapp cos a is measured. The percent of the error due to m i salignm ent is 
given by 


%Em>, ~ r 
= 1 — COS a 


cos a 


This relation also applies to any misalignment of the calibrating load with 
respect to the load cells. Applying the above relationship to the PSCL’s force 
measurement system, the magnitude of the allowable misalignment was found to 
be ±0.89cm (±0.35 in.) This is based on an allowable error of ±0.005%F.S., 
which is one order of magnitude smaller than that required for the force measure- 
ment system. 

Interactions(loads induced in one gauge by the loading of another gauge) 
due to the system deflecting under a thrust load is illustrated in Figure 
4.12. Although no load is applied in the lift direction, the lift load cells 
are loaded due to the displacement of the frame caused by the thrust 
load. 
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Figure 4.11: Effects of Initial Misalignment 
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4.3.1. Misalignment Errors 


As mentioned in Section 4.2.5, the connecting rods were made as long 
as possible to minimize a and the resulting effects. If the interactions are 
large enough to effect the force measurement accuracy, they can be taken into 
account, because they should be repeatable. The procedure used to account 
for the interactions in the wind tunnel model balances at Ames should also 
apply to the PSCL’s force measurement system. The loading schedule for the 
calibration of the force measurement system’s interactions was developed with 
this procedure in mind. It is recommended that any interactions present in 
the system be corrected using this method, because the programming is already 
available. 

A simplified version of the procedure used for the wind tunnel model balances, 
adapted from Reference 2, is presented here to familiarize the reader with these 
techniques. For a detailed description of this procedure, the reader is directed to 
References 2 and 3. 

For this example, the interaction corrections to the thrust load cell(A) 
are outlined. This method, however, can be applied to any gauge. Using 
this procedure, the interactions that are present in the balance are deter- 
mined experimentally. Once the interactions have been determined, they 
are described analytically. The balance readings can then be corrected 
by subtracting out the interactibns calculated using these analytical descrip- 
tions. The load reading on gauge A, corrected for interactions is ^ven 
by 

Fa ^ Pa -U- CLDa 


4S 


where 
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Fa = force on gauge A corrected for interactions;[Newton (lb)] 
Pa — force on gauge A uncorrected for interactions; [N (lb)j 
/a = total primary interaction correction for gauge A;{N (lb)] 
CLDa — total combined interaction correction for gauge A;(N (lb)] 


In the above equation, Pa is the output of gauge A without any interactions taken 
into account. Fa is the gauge output corrected for primary interactions(/A ) and 
secondary, or combined, interactions( CLD a .) The primary interactions on the 
gauge are created by loading another gauge(called the prime gauge) singularly. 
The secondary interactions are created by loading the prime gauge in combination 
with a secondary gauge. 

For the initial calibration, loads are applied to only one load cell 
at a time. During this prime loading, each load cell is loaded from 

zero to full scale and back to zero. The change in load with mil- 
livolt output is described by a least squares polynomial curve that is 

fitted through the loading data for each load cell. The coefficients of 

these curve fits are considered the prime gauge coefficients(for gauge A, 
KAi)> The load on gauge A(uncorrected for interactions), is given by the 
polynomial 

n 

««0 


where 


u 
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Pa = force on gauge A uncorrected for interactions; [Newton (lb)] 

KAi = prime gauge coefficient for gauge A;[N/mV (lb/mV)j 
Ra — millivolt output of gauge A; [mV] 
t = number of the polynomial term 
n = order of curve fit 

The primary interaction loads, loads induced in the other load cells by 
loading the prime load cell, can now be determined. Figure 4.13 gives an 
example of the effect that loading gauge Ni has on gauge A. Gauge A must 
be corrected for the primary interactions induced by loading gauges Ni and 
Nz. The prime gauge coefficients determined above are used to convert the 
millivolt output of the load cells into interaction loads. The change in the 
interaction load with the load on the prime load cell is fitted with a least squares 
polynomial curve. These curve coefficients are called the primary interaction 
coefficients. The total primary interaction correction for load cell A, is given 
by 


Ia = Iani + Ian2 

The primary interaction terms are given by the polynomials 


n 

IaNi =* JiANi 

0 

n 

lANi = ^2 
*‘—0 


where 


45 



4. PSCL Force Measurement System 


4.3.1. Misalignment Errors 







4. PSCL Force Measurement System 


4.8.1. Misalignment Errors 


I A = total primary interaction correction of gauge A; [Newton (lb)] 

Ian I = primary interaction correction of gauge A due the load on gauge Ni;[N (lb)| 
Ian2 = primary interaction correction of gauge A due the load on gauge iVaijN (lb)] 
= load on gauge Ni uncorrected for interactions; [N (lb)] 

= load on gauge uncorrected for interactions; [N (lb)] 

JiANi = primary interaction coefficient for gauge A due to Pni 
J iANa — primary interaction coefficient for gauge A due to Pn^ 

The combined interactions are found by repeating the prime loading cycles 
with a full scale load on a secondary load cell. For this example, gauge 
A must be corrected for the combined interactions where Ni is the primary 
gauge and ATa is the secondary gauge, and where Na is the primary gauge 
and Ni is the secondary gauge.' First, the diflTerence is computed between the 
actual loaid applied and those calculated using the prime gauge and interac- 
tion coefficients. This difference is described as a function of the prime load 
with a least squares curve fit. This function is then ratioed by the secon- 
dary load. The coefficients of this polynomial are the combined interaction 
coefficients. The total combined interaction correction for load cell A, is given 
by 

CLDa ~ CLDANiNa + CLDANaNi 
The combined interaction correction terms are given by the polynomials 

n 

CLDANiNa == 53 -li-^NiNaPNiPNa 

0 

n 

CLDANaNi ~ JiANaNiPNaPNi 

t '— 0 
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where 

total combined interaction correction for gauge A;[Newton (lb)] 
combined interaction correction of gauge A due the primary load 
on gauge Ni and the secondary load on gauge N2;|N (lb)| 
combined interaction correction of gauge A due the primary load 
on gauge and the secondary load on gauge Ni ;[N (lb)j 
*** combined interaction coefficient for gauge A due the pr imar y 
load on gauge N\ and the secondary load on gauge 
I** combined interaction coefficient for gauge A due the pr imar y 
load on gauge and the secondary load on gauge Ni 

The force on load cell A corrected for the primary and secondary interactions 
is Fa and is given by 

Fa = Pa -Ia- CLDa 

The corrected load cell values can then be substituted for the uncorrected 
values in the above equations and the process begun again. This process is 
repeated until a specified tolerance for the difference in valves between iterations 
is met. 


CLDa = 

CLDANiNi = 
CLDan^Ni — 
JiANiNa — 
JiANaNt = 


4.3.2a Resistive Forces. 

This category includes any parameter that resists the free movement of 
the metric frame. This effect is seen as an increase in the hysteresis and a 
decrease in the sensitivity of the load cells. The hysteresis is defined as the 
difference in the force measurement depending on whether it is approached from 


48 



4. PSCL Force Measurement System 


4.8.2. Resistive Forces 


a higher or lower value. The hydrostatic bearings, flexures, instrumentation 
wiring, and air lines will all contribute to the force measurement system’s 
hysteresis. This effect occurs because all of the energy put into the system 
during the loading is not recoverable during unloading. If necessary, this effect 
can be ignored if readings are only taken while loading the system in increasing 
increments. 

The spring resistance from the flexures, instrumentation wiring, and air lines 
will oppose the free movement of the metric frame. All of these elements should 
behave similar to spring connected to the frame. The resistive force for each of 
the elements can then be defined as: 

P'apring ” ^ 3 ? 


where 

Ftpring — the resistive spring force; [Newton (lb)] 
k = the spring constant; [N/cm (lb/in.)| 

X = the metric frame’s displacement;|cm (in.)] 

Since x should be less than 0.025 cm (0.01 in.), these forces should be 
negligible if k is not too large. As discussed earlier, the flexures(section 4.2.3) 
and the air lines(Section 3.4.3) have been designed to make their spring constants 
as small as possible. This is also true of the instrumentation wiring, which 
was mentioned in Section 3.5. Instead of grouping the cables in large bimdles, 
the wiring crosses the metric break in small, loosely arranged bundles. For 
the flexures and the instrumentation wiring, k will remain constant. These 
effects are a function of the frame’s displacement due to loading. The mr 
lines present a different problem in that their stiffness will change as they 
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are heated and pressurized. These effects can be taken into account in a 
manner similar to the flexures and wiring, only in addition to the frame’s 
displacement, the resisting force will be a function of the lines’ pressure and 
temperature. 

Another possible effect of the mr lines is the chance that they may 
not expand symmetrically as they are heated and pressurized. If this is 
the case, some offset load will be placed on the frame. This effect too 
can be described as a function of the air lines’ pressure and temperature. 
The effects of all of these resistive forces can be determined experimen- 
tally. 


4.3.3. Flow Effects. 

The design of the high pressure air system is such that flow crosses onto the 
metric frame perpendicular to the plane of measurement. This should prevent 
the momentum of the aur traveling through the lines from being sensed by the 
load cells. A load will be sensed by the force measurement system for any flow 
crossing onto the frame at an angle. This load will be a function of the moment um 
of the flow in the pipes and their misalignment from perpendicular. This effect 
can be eliminated by adjusting the air lines, or can be corrected in the data 
reduction equations. The correction would be a function of the airflow in each 
line. 

The quality of the force data may also be effected by simulator exhaust 
impingment on the metric frame. The frame should be very sensitive to 
any flow that is not captured by the exhaust extractors. Spillage from the 


50 



4. PSCL Force Measurement System 


4.3.4. Environmental Effects 


exhaust extractors could create random fluctuations that either have to be 
eliminated by fine turning the extractor design or could be corrected by statistical 
methods. 


4*3.4. Environmental Effects. 

The calibration tank is a unique operating environment for the load cells. The 
reduced pressure and increased temperature could effect the load cell readings. 
Vibration from the pumping plant and the simulators could also produce reading 
errors. 

If changes in the tank pressure and temperature do effect the load cells 
this will be seen as a change in sensitivity. This can be taken into ac- 
count by calibrating the load cells over the expected operating range of 
pressure and temperature. The necessity for temperature corrections can 
be eliminated by placing the load cells in a temperature controlled environ- 
ment. The effects of the vibration should be managed using statistical 
methods. 

The PSCL was designed so that the misalignment errors, resistive forces, flow 
effects, and environmental effects would be negligible. A calibration was required, 
however, to verify that these parameters are inconsequential and that other sources 
of error have not been overlooked. 


51 


4. PSCL Force Measurement System 4.4. Force Measurement System Alignment and Installation 


4.4. Force MeaBurement System Alignment and Installation 

The purpose of aligning the force measurement system was to minimize 
the misalignment effects on the force readings(as discussed in subsection 4.3.1.) 
Nfisalignment of the force measurement system and/or the calibrating forces 
can degrade the desired performance(±0.05%F.S.) of the force measurement 
system. The analytical analysis of a jet engine test stand in which the 
alignment had a critical effect on the stand’s performance is discussed in 
Reference 4. Because the force measurement system has a flexible configuration, 
the system will need to be aligned as it is changed to adapt to various 
calibrations. The following subsections outline the procedures developed to 
perform the alignment of the system and the installation of the load cells and 
flexure/connecting rod assemblies. Also discussed are the problems encountered 
during the performance of these procedures and the changes made or those 
suggested to be made. 


4.4.1. Horiiontal Alignment. 

The initial alignment was performed to level and the align the components 
of the force measurement system in the horizontal plane. The hydrostatic 
bearings were also leveled so that they would operate properly. This initial 
phase was performed using precision bench levels, a surveying transit, and 
stainless steel pointers(see Figure 4.14). The stainless steel pointers are designed 
to mount to the load cell rails at the load cell and flexures/connecting rod 
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Figure 4.14: Stainlesi Steel Alignment Pointers 
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4.4.1. Horiaontal Alignment 


positions. They are used to determine if the rails are level and at the same 
height. 

This phase began by leveling the hydrostatic bearings. This was accomplished 
by placing the levels on the bearing pads and then adjusting the legs of the 
isolation frame until the pads were level. The oil supply to the bearings was 
turned off during this phase. Because all this pads could not be brought to 
level at the same time(probably because of distortions in the isolation frame), 
the pads were brought to positions where the sum of their misalignment was 
a minimum. Each pad was brought to within ±0.87x10“* rad (±0.05®) of 
horizontal. 

The pointers were installed at several positions on the load cell rails. 
The pointers screw directly into the center rail and mount onto the side and 
rear rails using the load cell mounting brackets. Using the surveying transit, 
the height and level of the pointers was determined at each position. This 
information was to be used to determine how the rails should be shimmed 
so that they would all be level and at equal heights. This would allow the 
flexure/connecting rod assemblies to be level when they were installed. However, 
the survey showed that the load cell rails were bowed enough that leveling 
all of the load cell positions at one time would be very difficult. For this 
reason only the three load cell positions used in the later calibration were 
leveled. Using a precision bench level, the center rail and the mounting 
brackets were shimmed until the pointers were level. Once the pointers were 
level, the height difference between the corresponding pointers was measured. 
Lower mounting brackets were then manufactured to compensate for the height 
difference. 
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While the lower mounts were being fabricated, two changes were made 
to the load cells’ mounting hardware to allow the load cells’ position to be 
adjusted. The horizontal alignment of the system demonstrated the need for 
greater flexibility in positioning the load cells. Slots were put in the mounting 
brackets so that the load cells’ position could be adjusted from side to side. 
The load cell mounts were modified by placing the load cell position off the 
centerline of the mount to allow a height adjustment of ^1:0.318 cm (:J:;0.125 
in.) 

The horizontal leveling of the force measurement system, using the bench 
levels, steel pointers, and the surveying transit, was performed with an accuracy 
of ±0.038 cm (±0.015 In.) 


4.4.2. Component Alignment. 

The purpose of this phase of the alignment was to position the load 
cells so that the lift gauge connecting rods were parallel to one another and 
perpendicular to the thrust gauge connecting rod. During this phase, dummy 
load cells( steel blocks of the same geometry as the live load cells) were installed 
in place of the load cells. This was done to protect the load cells from being 
overloaded. Figure 4.15 shows a dummy load cell installed on the side load 
cell rail. Live load cells were initially used during this phase, but a problem 
with the frame lock-outs caused a load cell to be destroyed. The lock-outs 
seated in a different position, which overloaded the load cell. To prevent this 
from occurring agmn, the dummy load cells were installed and the lock-outs left 
disengaged. 
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Figure 4:15: Dummy Load Cell Inilalled on Side Kail 
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4.4.2. Component Alignment 


This phase of the alignment was performed using precision bench levels, 
plum bobs, a steel tape, and a surveying transit. The hydrostatic bearings 
were operating. To begin this phase, the frame was centered(using the travel 
stops) such that the bearings were in the middle of their travel. This would 
help insure against their fouling later during the calibration. The flexures, con- 
necting rods, dummy load cells, and load cell mounts were assembled prior 
to their installation. The jam nuts on the flexure/connecting rod assemblies 
were not tightened down. The assemblies were then installed on the rails 
and leveled. The jam nuts were then tightened down. The flexures were 
marked so that they could later be used as the assemblies’ reference center- 
lines. 

For the component alignment, the thrust load cell connecting rod was used 
as the reference from which the lift load cells were positioned. First, the 
thrust load cell was positioned such that its flexures were undeflected. This 
placed the entire assembly normal to the rear load cell rail and normal to 
its connecting point on the center load cell rail. To do this, the frame’s 
position was adjusted using the travel stops, while the load cell’s position was 
adjusted by moving the mounting bracket from side to side. A reference 
centerline for the force measurement system was then established through 
the thrust load cell’s two flexures. This was done by sighting a line, using 
the surveying transit, through the plum bobs positioned over the assembly’s 
centerline. 

With the reference line established, plum bobs were located over the 
centerlines marked on the lift load cells’ four flexures. The plum bobs over 
the two flexures nearest the center rail were set at an equal distance from 
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force measurement system’s reference centerline. The plum bobs positioned 
over the two flexures nearest the load cells were then set at an equal distance 
from the system’s reference centerline. Observed from above, the plum bob 
lines formed a trapezoid. Measurements were then taken between the plum 
bob lines using a steel tape. With this information, the load cells’ positions 
were adjusted until the lines over the flexures formed a rectangle which was 
parallel to the reference centerline. This placed the lift load cell connecting 
rods parallel to one another and perpendicular to the thrust load cell connecting 
rod. 


After the component alignment was completed the frame’s position was 
locked in place with the travel stops. All the load cell and mounting bracket 
positions were marked using tool makers die and a scribe. By marking 
these positions, the live gauges could to be installed in place of the dummy 
load cells without changing the force measurement system’s alignment. A 
positioning accuracy of ±0.1588 cm (±0.0625 in.) was attained using these 
methods. 

The use of the plum bobs and surveying transit during this phase 
was both cumbersome and timing consuming. The positioning accuracy 
was also less than desired. One way to improve the alignment procedure 
would be to develop precision jigs to md in the process. These jigs 
would be used to quickly and accurately position the connecting rod as- 
semblies. Better control over the positioning would be obtained by in- 
corporating adjustment screws into the design of the load cell mounting 
hardware. 


4. PSCL Force Measurement System 


4.4.3. Load Cell Installation 


4.4.3. Load Cell Ihstallation. 

Before installing the load cells, the hydrostatic bearing supply and scavenge 
pumps were turned on. The frame was held in position by the travel stop 
blocks. The load cells’ output was carefully monitored during this phase 
to reduce the chance of their being overstressed. The flexures, connecting 
rods, load cells, and load cells were assembled, without tightening the jam 
nuts, prior to their installation on the rails. The assemblies were then in- 
stalled on the rails, flnal positioning adjustments made, and the jam nuts 
locked down. Care was taken when installing the assemblies and tighten- 
ing the jam nuts so that the load cells and flexures were not torqued. The 
mounting bracket bolts were Anger tightened to hold the assemblies in posi- 
tion. 

Prior to the flnal ti^tening of the mounting bracket bolts the travel 
stops were gapped to 0.015 cm (0.006 in.) Because the mounting brackets 
were shimmed, loads were introduced into the load cells as the bolts were 
tightened. Gapping the travel stops allowed the frame to move as the bolts were 
tightened which helped prevent overstressing the cells. As another precaution 
to protect the load cells during their installation, the bolts were always torqued 
such that the force was applied perpendicular to the load cells’ sensitive 
axis. 

The original intent was to perform the fine adjustment of the align- 
ment of the force measurement system using the load cells as the align- 
ment instrument. This would be accomplished by individually loading each 
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4. PSCL Force Measurement System 


4.4.3. Load Cell Installation 


cell and adjusting its position until a maximum load reading was obtained 
while minimizing any moments or off axis loads. Difficulties with the 
load cells, explained in Chapter 5, prevented this phase from being com- 
pleted. 
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Chapter 5 


Force Measurement System Calibration: 
Procedures and Results 


5.1. Calibntum Approach 

The purpose of calibrating the force measurement system was to deter- 
mine the accuracy with which simulator calibrations can be performed. This 
was be done by placing known loads on the metric frame and compar- 
ing them with the resulting load cell output. This comparison between 
the forces applied and those semied shows any basic tares or mechani- 
cal interactions mherent to the design of the force measurement system. 
This calibration was conducted to yalidate that the force measurement 
system could perform force calibrations within the required accuracy of 
i0.05>o. 

To evaluate the system’s errors, a piecewise test plan was developed 
for the calibration of the PSCL’s force measurement system. This was 
done in an effort to determine the individual contributions to the overall 
system error. This will help in later directing any efforts for improving 
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5.1. Calibration Approach 


the system to the areas where the most benefit will be realized. Also, by 
using this method, any unexpected increase or decrease in the error could 
be used to identify any problems with the calibration procedures or equip- 
ment. 

Dead weight testing of the force measurement system was selected as the 
method of applying the known loads to the metric frame. Other methods of 
applying the loads, such as using hydraulic actuators, were considered but dis- 
carded. The overriding factors favoring the use of weights were their inherent 
simplicity, physical stability(their properties are not effected by time, tempera- 
ture, etc.), availability) and accuracy. 

Figure 5.1 shows the set up used for the calibration of the force 
measurement system. The basic concept is to place known loads on the metric 
frame using a dead weight/pulley/cable arrangement. To better simulate the con- 
ditions expected during a simulator calibration, the loads were applied in the same 
horizontal plane as the simulators will be mounted. This allowed any effects of 
the off axis loads produced by the simulators to be taken into account during 
the calibration. As mentioned in Section 4.2.5, there are flfteen(15) possible 
positions to place the two lift axis load cells. This will allow the setup of the 
force measurement system to be tailored to best fit the needs of each particular 
simulator calibration. For the initial calibration of the metric frame, the load cells 
were positioned as shown in Figure 5.2. The serial numbers of the load cells are 
shown in their respective positions in the figure. 222 N (50 lb) capacity load cells 
were used in all three load cell positions because of their ability to discern small 
forces. 


6S 







re 5.2: Load Cell Positions for the Initial Calibration 


Force Measurement System Calibration: 
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5.2. Calibration Equipment 


5.2.1. Teit Hardware. 

Figure 5.1 shows the test hardware used to apply the calibration loads to 
the force measurement system. Cables are attached to the metric frame at 
the load beam and are run over the pulleys to the weight pans. As weight 
is placed on the pans, the load is transmitted through the cables to the 
force measurement system. The test hardware has been designed to provide a 
convenient setup to perform the calibration. Pulley positions are provided so 
that both forces and moments to can be applied to the metric frame during 
calibrations. 


5.2. 1.1. Weights 

All weights used in the calibration of the force measurement system were first 
calibrated by the Materials and Test Enipneering Branch(EEM) at ARC. Each 
weight was calibrated to an accuracy of ±0.044 N (±0.01 lb) using standards 
traceable to the National Bureau of Standards. 
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5. 2. 1.2. Load Rails(Thrust and Lift) 

The load rails, shown in Figure 5.1, support the pulleys during the calibration. 
The rails are bolted to support blocks which are in turn welded to the vacuum 
tank. 

The lift load rails(Figure 5.3), which are angle beams, have pulley stations 
at 0.3 m (1 ft) increments which correspond to the load cell positions. This 
allows the lift load cells to be loaded directly in line. The lift load rail 
design also allows off axis loads to be applied at 0.3 m (l ft) increments. 
Horizontal slots in the beams permit the rails to be adjusted from side to 
side on the support bolts. Once the lift load rails are aligned with respect 
to the load cell rails, they can be locked down and subsequent alignment is 
unnecessary. 

The thrust rail(see Figure 5.4) is an I beam positioned across the front of 
the vacuum tank. Because its position decreases access to the tank, the thrust 
rail is not a permanent tank fixture. The thrust load rail is brought into the 
tank using the vacuum tank’s crane, placed on its support blocks, and aligned 
prior to each calibration. The thrust rail, like the side rails, has horizontal slots 
to allow it to be adjusted from side to side. The thrust rail has three pulley 
stations, one directly in line with the thrust load cell, and one on either side at a 
0.3 m (1 ft) spacing. The offset stations can be used for placing moments on the 
frame. 
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Load Beam and Support Frame 
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5.2. 1.3. Load Beam and Support Frame 


5.2. 1.3. Load Beam and Support Frame 

The calibration loads are applied to the force measurement system at the 
load beam. The beam is mounted on the metric frame in a manner similar 
to that used to mount the wind tunnel stings. The load beam has one 
centerline cable attachment point for loading the thrust load cell, and side 
attachment points spaced 0.3 m (1 ft) apart which correspond to the lift load 
cell stations. The support frame has screws in the bottom and sides of the 
load beam cradle so that the position of the beam can be adjusted. The 
frame also adds stiflhess to the load beam for loading higher capacity lift load 
cells. 


5. 2. 1.4. Pulleys 

The pulleys used in the calibration were designed around precision machined 
double row bearings. These high quality bearings were employed to reduce the 
hysteresis introduced into the calibration by the test hardware. The base of each 
pulley has slots where the pulley is bolted to the load rail(see Figure 5.5) to allow 
vertical adjustment of the pulley’s height. 


6,2.2. Data Aequidtion System. 

Because the PSCL’s data acquisition system was not yet operational, the sig- 
nal conditioning, amplification, and data acquisition was performed by the control 
and data acquisition system used for the CMAPS. This system, seen in Figure 5.6, 
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5.2^. Data Acquisition System 




Figure 5.5: Calibration Pulley 
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5.2.2. Data Acquisition System 


Figure 5.6; CMAPS Control System (ref. 5) 
CONTROL CONSOLE 
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5.2.2. 1. Transducer Conditioner 


had all the hardware needed to perform the calibration, but required modifications 
to the system’s software for it to be used as a stand alone data acquisition sys- 
tem. 


The CMAPS Control System has 30 channels of signal conditioning and 
amplification. The transducer conditioners supply the excitation voltage for 
the load cells. The differential amplifiers furnish the amplification and filtering 
of the output signal. The analog to digital converter transforms the analog 
output signal to digital form so that the minicomputer can acquire and store 
the data. The following paragraphs describe the system’s hardware and 
software. 


5. 2. 2.1. Transducer Conditioner 

Voltage excitation for the load cells was provided by Pacific Precision 
series 80A Transducer Conditioners. The transducer conditioners can be used 
to excite, balance, and calibrate 1, 2, and 4 active arm transducers need- 
ing constant current excitation and 4 active arm transducers needing con- 
stant voltage excitation. The load cells, which fall into the later category, 
had an excitation voltage of 10 VDC for the calibration. Each con- 
ditioner has a balancing potentiometer built in so that any bridge out- 
put offset can be zeroed. The conditioner also has two precision shunt 
resistors(10k Ohm and 75k Ohm) built in that can be used for calibrating the 
transducers. 
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S.2.2.2. Differential Amplifier 


5. 2. 2. 2. Differential Amplifier 

Signal amplification for the load cells was provided by Pacific Precision 
series 70A differential data amplifiers. The amplifiers have ten selectable 
power gain steps of 1, 2, 5, 10, 20, 50, 100, 200, 500, and 1000. A 
gain of 200 was used for the load cells. The amplifiers have nine selec- 
table filter bandwidths of 1, 3, 10, 30, 300, Ik, 3k, and 10k. A 1 hertz 
filter was used on the load cell signal. A relay is built into the amplifiers 
which allows the channel inputs to be shorted to check the amplifiers for 
drift. 

5.2.2.3. Analog-to-Di^tal Converter 

The CMAPS Control System uses an Analogic ANDS5400 analog-to- 
digital(A/D) and digital-to‘analog(D/A) converter to perform its data ac- 
quisition and engine control functions. For the force measurement sys- 
tem calibration, the A/D converter transformed the analog transducer sig- 
nals to digital so that they could be acquired and stored by the minicom- 
puter. 


5.2.2.4. Nfinicomputer 

The minicomputer used for the CMAPS Control System consists of a 
Data General(DG) Eclipse S/140 central processor, a fixed disc subsystem, a 
9 track magnetic tape subsystem, a printer, and a CRT. The Eclipse S/140 
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S.2.2.5. System Software 


central processor(which performs ail the data acquisition, health monitoring, 
and control for the engines) has 64k words of MOS memory and floating 
point hardware. The 12.5 Mbyte flxed disc subsystem is used to store 
system software and data. The 9 track magnetic tape subsystem can be 
used to load software onto the system or dump data so that it can be 
stored or processed elsewhere. Data monitoring as well as system program- 
ing and other system input are performed with the printer and CRT dis- 
play. 


5. 2. 2. 5. System Software 

The CMAPS Control System is designed to provide the user control over 
two CMAPS, and furnish engine health monitoring and emergency shut-down. 
The system also has the capability to acquire CMAPS performance data and 
transfer this data to the computers of the NASA-ARC Wind Tunnel Data 
Acquisition System and output it to a printer. In acquiring the CMAPS 
data two scans of the 128 available data channels are taken. The flrst 
of these scans is discarded(it contains transients from the A/D converter), 
while the second scan is transferred to the ARC data acquisition system 
and/or sent to the line printer. No other provisions are made to store the 
data. 

Modifications to the system software, initiated for this test, provide the 
user a much more flexible means of acquiring data. The new software, detailed 
in Reference 6, allows the user to specify at random which channels are to 
be acquired and stored on the hard disc. Multiple samples(from 1 to 9999) 
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5.3, Calibration Sequence and Results 


can be specified to be averaged for a given test condition. Multiple data 
points can also be specified. For example, the user can request that three(3) 
data points of 500 samples each be taken for a test condition of a 22 N (5 
lb) load on the thrust load cell. The user can also input the value for the 
applied test condition to be stored in the raw data file. Figure 5.7 shows 
an example of a raw data file taken during the force measurement system 
calibration. 

The data acquisition system also provides automatic control over the calibrar 
tion features built into the signal conditioners and amplifiers. The system can 
be used to automatically switch in the shunt resistors in the conditioners or the 
input short relays on the amplifiers. 

The raw data files were stored on the fixed disc subsystem during the data 
runs and then transferred to the magnetic tape using the 9 track magnetic tape 
subsystem. The raw data files were then transferred via the magnetic tape to a 
Digital Equipment Corporation(DEC) VAX 11/780 for data reduction and plot- 
ting. 


5.3. Calibration Sequence and Results 

The test sequence for this initial calibration was designed so that the 
effects of the individual contributions to the total system error could be deter- 
mined. This is done by building up the elements piece by piece which are 
expected to effect the force data. The loading schedule for each sequence(the 
number and order in which the loads were placed on the gauges) is given. 
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5.3. Calibration Sequence and Results 


Figure 5.7: Raw Calibration Data File 


BAROMETERs1i<.698 MUMCHNLa M MSAMP* 50 MDATA* 3 
ANALOG DATA SCAN 
TIME 13;M9:19 
DATE 4/27/84 
TEST CONDITION : 1 


DATA POINTS 1 


CHNL 

RAW 

SIGNAL 

ID 

ENGR UNITS 

CONV 


APPLIED 

13 

1597 

PP6 


0.241911E 

2 

0.50000E 

2 

0. 406000E 

15 

-4 

PP8 


0.335519E 

0 

0.50000E 

2 

0. OOOOOOE 

18 

-4455 

PP11 


0.731103E 

2 

0.19960E 

-a 

0. OOOOOOE 

34 

-2 

PP21 


0. OOOOOOE 

0 

0.50000E 

2 

0. OOOOOOE 

DATA 

POINTS 2 








CHNL 

RAW 

SIGNAL 

ID 

ENGR UNITS 

CONV 


APPLIED 

13 

1597 

PP6 


0.241911E 

2 

0.50000E 

2 

0.406000E 

15 

-4 

PP8 


0.335519E 

0 

0.50000E 

2 

0. OOOOOOE 

18 

-4455 

PP11 


0,731103E 

2 

0.19960E 

-2 

0. OOOOOOE 

34 

-2 

PP21 


0. OOOOOOE 

0 

O.SQOOOE 

2 

0. OOOOOOE 

DATA 

POINTS 3 








CHNL 

RAW 

SIGNAL 

ID 

ENGR UNITS 

CONV 


APPLIED 

13 

1597 

PP6 


0,24191 IE 

2 

0.50000E 

2 

0.4060QOE 

15 

-4 

PP8 


0.335519E 

0 

0.50000E 

2 

0. OOOOOOE 

18 

-4455 

PP11 


0.731103E 

2 

0.19960E 

-2 

O.QOQOOQE 

34 

-2 

PP21 


0. OOOOOOE 

0 

0.50000E 

2 

0. OOOOOOE 


CONDITION 
1 (POUNDS ) 
0 (POUNDS ) 
0 (DEGREES ) 

0 (POUNDS ) 

CONDITION 

1 (POUNDS ) 
0 (POUNDS ) 
0 (DEGREES ) 

0 (POUNDS ) 

CONDITION 

1 (POUNDS ) 
0 (POUNDS ) 
0 (DEGREES ) 
0 (POUNDS ) 
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5.3.1. Load Cell Calibration 


The results of these calibrations are presented at the end of each subsec- 
tion. 

Prior to the calibration, all of the calibration fixtures were be aligned with the 
force measurement system using the surveying techniques described in Chapter 
4. Msalignment of the calibration loads with respect to the load cells results 
in a lost of the load sensed by the load cells. This relation was discussed 
in section 4.3.1. It is important that the errors due to the misalignment of 
the calibrating loads not be attributed to the force measurement system. For 
this reason care was taken to align the calibration loads within cm 

(±0.03125 in.) 


5.3.1. Load Cell Calibration. 

Before the calibration of the metric frame, each of the load cells was 
calibrated individuaJly. This allowed the load cells’ characteristics, free 
of errors associated with the force measurement system, to be determined. 
Calibrations were performed to determine the nonlinearily, hysteresis, non- 
repeatability, and sensitivity of the load cells. Calibrations were con- 
ducted at different temperatures to determine the load cells’ temperature 
sensitivity. A check was also made of the load cells’ creep characteris- 
tics. 


Figure 5.8 shows the arrangement used in these calibrations. Flexures were 
placed on either side of the load cell to insure that the load was directly in 
line with the load cell and that no side loads were being applied. The entire 
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5. Force Measurement System Calibration: 


5.3.1. Load Cell Calibration 


assembly was hung from the load beam, which was installed on the metric 
frame. 

A resistance calibration was performed prior to the load cell calibration. 
This is done by shunting across the negative excitation and negative signal 
leads of the load cell bridge with a precision resistor and monitoring how this 
simulated change in load effects the output. Later calibrations can then be 
referenced to this one by simply ratioing the resistance calibration results from 
the new test to the resistance calibrations for this test. A detailed explanation 
of the use of resistance calibrations can be found in references 2, 5, and 
7. 


The loading schedule for the load cell calibrations consisted of a series 
of 21 and 11 point calibrations. For a 21 point calibration, the load cell is 
loaded up and down scale in increments of 1/lOth of the load cell’s full scale 
capacity. For a 222 N (50 lb) load cell, this would mean that loading increments 
of 22 N (5 lb) would be used. An 11 point calibration simply uses loading 
increments of l/5th of the cell’s full scale capacity. 21 point and 11 point 
calibrations are the most commonly used by calibration laboratories at Ames. 
The 21 point loading is usually selected for the initial calibrations to build 
confidence that the gauge’s behavior is being fully investigated. After the gauge 
is proved not to have any unexpected deviations, an 11 point calibration is 
used. 

By loading both up and down scale the nonlinearity and hysteresis of the 
load cells is discovered. Nonlinearity is defined as the m aximum deviation 
that the readings have from a linear fit placed through the load cell output. 
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The hysteresis is defined as the maximum deviation between readings for the 
same load, one being taken on the upscale losMling and the other taken on 
the downscale loading. Figure 5.9 graphically illustrates these definitions. 


One 21 point and four 11 point calibrations were performed at a constant 
temperature to determine each cell’s nonrepeatability. The nonrepeatabilily is 
defined as the maximum variation of the load cell’s output for the same load 
between the five calibrations. Five calibration cycles were performed to gain 
greater confidence in the calibration data. The total error is calculated by sum- 
ming the load cell’s nonrepeatability and nonlinearity. 11 point calibrations were 
performed at various temperatures to determine each load cell’s change in sen- 
sitivity due to the change in temperature. A full scale load was placed on the load 
cells and the voltage output monitored over time to determine the cell’s creep 
characteristics. 

The individual performance characteristics of the load cells, as deter- 
mined in the calibrations, are summarized in Figure 5.10. For reference, 
the required performance specifications are also listed in the figure. The 
average sensitivity is simply the average of the slopes of the least squares 
linear fits placed through the five calibration cycles performed on each 
of the load cells. Whenever a value is based on full scale(F.S.), this 
refers to the load cell’s rated output as calculated using the average sen- 
sitivity. The creep value is based on the amount the load cell output 
varied under a constant full scale load 20 minutes after the load was ap- 
plied. 
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5.3.1. Load Cell Calibration 


Figure 5.9: Load Cell Calibration Curve; Error Description 
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5.3.1. Load Cell Calibration 


Figure 5.10; Results of Load Cell Calibrations 


LOAD CELL 

SPEC, 

S/N 2228 S/N 2229 S/N 2230 

AVERAGE SENSITIVITY (mV/N’ 0 54.4°C) 


0.135309 0.135985 0.136082 

NONREPEATABILITY(% F.S. 0 54.4° C) 

+0.01 

+0.200 

+0,125 

+0.248 

CREEP(% F.S. 0 54.4°C, after 20 min) 

0.06 

0.253 

0.214 

0,236 

TEMPERATURE SENSITIVITY (« F.S. A ) 

0.0029 

0.049 

0.054 

0.068 

HYSTERESIS! F.S. 0 54.4°C) 

0,04 

0,028 

0.084 

0,051 

NONLINEARITY!^ F.S. 0 54,4°C) 

+0,03 

+0,016 

+0,046 

+0,026 
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The initial load cell calibrations revealed some unexpected problems. 
Although they met, or came close to meeting most of their performance 
specifications, the load cells performed badly in two areas. The load cells were 
very sensitive to temperature changes, and had a very high creep rate. Figure 5.11 
shows S/N 2229’s temperature behavior and Figure 5.12 shows its creep behavior. 


Methods were developed in an attempt to eluninate these problems 
from the calibration data. "Hot boxes", like the one shown in Figure 
5.13, were built to provide a stable temperature environment for the load 
cells. This allowed the temperature sensitivity problem to be controlled. 
The load cells were kept at a stable 54.4" C (130"F) during the calibra- 
tions. 

Figure 5.12 demonstrates that if the load remadns on the gauge long 
enough(approximately 40 min.), a stable value is reached. So, to eliminate the 
creep problem, a procedure was established to creep the load cells at full scale 
load before each calibration. Just before each calibration was begun, the load was 
cycled on and off the cells four times. 

The data for those calibrations are presented in Appendix A in Tables 
1. 1-3.9. The data from the shunt calibrations can also be found in Table 
4 of Appendix A. A sample size of 50 values was averaged for each data 
point. 

Creeping the gauges before each calibration cycle improved the accuracy 
obtained during the individual load cell calibrations. Without creeping the 
load cells before each calibration cycle, higher levels of nonrepeatability would 
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LOAD CELL OUTPUT (mV) 
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have been seen. The benefit of creeping the load cells is uncertain in the 
later calibrations. This is because of the longer time spans over which the 
data was taken for these calibrations. The load cells performed best im- 
mediately after they had finished their creep and loading cycles. For the 
following calibrations the creep problem appeared as higher levels of non- 
repeatability. 

Because the creep(seen as nonrepeatability^) is so large, the maximum accuracy 
of the force measurement system is limited by the accuracy of the load cells and 
not the errors associated with the system’s design. The load cells’ low accuracy 
levels made it difficult to detect the small contributions of the force measurement 
system’s error parameters. 

The positions of the load cells in the force measurement system for the fol- 
lowing calibrations were: 

A = S/N 2229 
Ni = S/N 2230 
N2 = S/N 2228 


5.3.2. Pulley Calibration. 

The pulley system was checked for hysteresis before it was used in 
the force measurement system calibration. This was done by taking one 
of the load cells that was calibrated as described above, and loading it 
through the pulley(see Figure 5.10). Flexures were placed on either side of 
the load cell and the assembly attached to the load beam. A cable was 

run from the load cell over the pulley to the weight pan. The difference 
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Figure 5.14: Pulley Calibration Setup 


PULLEY 


FLEXURES 


LOAD CELL 


WEIGHT 
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between the in line calibration of the load cell(Subsection 5.3.1) and this 
calibration was the hysteresis due to the friction in the pulley’s ball bear- 
ings. 

The loading schedule for this calibration consisted of four 11 point calibra- 
tions performed for each of the two pulleys. Performing the 11 point calibra- 
tion several times gave a higher confidence that the pulley hysteresis was 
repeatable. 

The pulley calibration was conducted using load cell S/N 2229. Because the 
sensitivity was not of concern, only the hysteresis and nonlinearity, the calibration 
was performed at room temperature. The results of the calibrations are presented 
in Tables 5.1 and 5.2 of Appendix A. 

Interestingly, loading the load cell through the pulleys does not increase 
the hysteresis. In fact, the output from the upscale and downscale load- 
ings are scattered fairly randomly about the least squares fit through the 
data. The load cell’s nonlinearity is at at approximately the same level as 
in the individual load cell calibration. For pulley #1 it’s ±0.038%F.S. and 
for pulley #2 it’s ±0.031%F.S as compared with the ±0.046%F.S. found 
during the individual calibration of S/N 2229. These data indicate that 
the level of friction present in the pulleys is less than can be discerned 
by load cells. The pulley system therefore did not effect the calibration 
data. 
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S.3.3. Bearing Friction. 

For the first stage of the force measurement system calibration, all the 
wiring and air lines were disconnected from the metric frame. Only the 
thrust gauge was installed in the force measurement system. With the 
frame free of all wiring, the air lines, and the lift load flexures, the only 
thing effecting the load readings was the hydrostatic bearing friction. The 

thrust cell was then loaded through a pulley positioned on the thrust load 
rail. 


Three 11 point calibrations were performed for the bearing friction calibra- 
tion. For the calibration of the hydrostatic bearing friction, the load cell was kept 
at a constant 54.4‘*C (130*F). A comparison of the results of this calibration with 
the individual load cell calibration gives the magnitude of the hysteresis due to 
the bearing friction. The results of this calibration are shown in Appendix A in 
Table 6. 

The hysteresis again was not a definite effect. The data is ran- 
domly scattered about the linear fit for the upscale and downscale load- 
ings. The reduction in hysteresis might be attributed to the vibration 
of the metric frame caused by the hydrostatic bearings. The vibration 
from the bearings increased the data scatter enough that the data sample 
size had to be increased. The sample size for this and the follow- 
ing checks had to be increased from 50 to 500 to get the data to con- 
verge. 

The nonlinearity measured during the bearing calibration was ±0.042%F.S. 
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n 

This is of the same order of magnitude as experienced during the individual 
load cell calibrations. The sensitivity of load cell increased slightly above 
that exhibited in the individual load cell calibration. Although this could 
be due to a high point on one of the bearing, it is more likely due to the 
characteristics of the load cell. However, because the hysteresis is lower and the 
nonlinearity is the same(compared to the individual calibration of the load cell), 
the effects of the bearing friction must be below the accuracy level of the load 
cell. 

5.3.4. Redstanee Due to Flexures. 

For this check, the test setup was the same as for the bearing friction, 

' except that the N<n gauge was installed. In this case, the thrust gauge 

was effected by both the bearing friction and the resistive stifbess of the 
flexures. The difference between this calibration and the bearing friction 
calibration was the contribution of the flexures to the force measurement system 
error. 

The loading schedule for this check consisted of three 11 point loadings. The 
effects of the flexure stiflhess was also below the level of accuracy of the load cell. 
For this calibration, the nonlinearity was ±0.027%F.S. and the average sensitivity 
was 0.136460mV/N (0.606976 mV/lb). No hysteresis is displayed. The data taken 
during this calibration, conducted at 54.4" C (130"F), are presented in Table 7 of 
Appendix A. 





5. Force Measurement System Calibration: 


5.3.5. Mechanical Interactions 


5.3.5. Mechanical Meractiona. 

The mechanical interactions were determined in a mamner similar to that 
used to calibrate the wind tunnel model balances at Ames. All three gauges 
were installed in the force measurement system. To determine the primary 
interactions, each gauge was loaded individually through a 21 point, followed 
by an 11 point calibration. By recording the output of all three gauges, 
the interactions between the loaded primary gauge and the other gauges was 
seen. 

Next, each gauge was again loaded through an 11 point calibration, but this 
time one of the other two gauges had a constant full scale load applied. This 
was repeated for all the possible load cell combinations(six total.) This gave the 
combined, or secondary, loading effects. 

For this and the remaining calibrations, all the load cells were kept at 
ISO^F. Although mechanical interactions are present in the force measurement 
system(see data in Tables 1.1-1.9 of Appendix B), their order of magnitude 
was less than the nonrepeatability of the load cells. A definitive calibration 
of these interactions was thus impossible. As in the earlier calibrations the 
low accuracy of the load cells masks the effects of the mechanical interac- 
tions. 

The sensitivity of gauges Nj and JVa increased(Tables 7. 1-7.9 of Appendix 
A), with no change in the hysteresis or nonlinearity. A large decrease 
in sensitivity of gauge A, - 0.608%F.S. based on the uninstalled average, 
was seen during this calibration. The output at m aximum load for 
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5. Force Measurement System Calibration; 


5.3.6. Instrmnentation Wiring Resistance 


gauge A falls considerably short of that predicted by the linear fit, in- 
dicating that the frame may have been fouling on the thrust travel stop. 
This was confirmed in later tests. The fouling was not detected be- 
cause the data reduction was not performed until after the test setup was 
changed. 

5.3.6. Xnitrumentation Wiling Reristanee. 

Following the check for mechanical interactions, all the instrumentation 
wiring was installed on the metric frame. The loading schedule consisted of two 
11 point calibrations for each of the three gauges. Two calibrations were made to 
check the repeatability of the results. The difference between these calibrations 
and the calibrations conducted to find the primary mechanical interactions was 
the effects of the wiring. 

The rather large drop in sensitivity in the A gauge during the previous 
calibration was recovered during this loading. The sensitivity of the Ni gauge 
remained the same while the Nz gauge saw another increase(see Tables 8. 1-8.3 
of Appendix A.) The nonlinearily and hysteresis for all the gauges remained 
at or below those levels experienced in the bare calibration of the frame. The 
addition of the instrumentation wiring therefore does not effect the force data. 
The calibration of the wiring resistance was limited by the accuracy of the load 
cells. The data for this calibration are presented in Appendix B, Tables 2.1- 
2.3. 



5.8.7. Ail Line Resistance 


5. Force Measurement System Calibration; 


5.3.7. Air Line Reaistanee. 

This check is similar to the wiring resistance check. The air lines were 
connected to the metric frame. Each gauge was again loaded individually 
through two 11 point calibrations. The results from this test are compared with 
the wiring resistance check to determine the incremental effects the air lines 
have. 

The results from the air line calibration are very similar to the results of 
the check of the instrumentation wiring resistance. The air lines do not effect 
the force data(see Appendix A, Tables 9. 1-9.3, and Appendix B, Tables 3.1- 
3.3.) 

NOTE: Because the safety review of the high pressure adr system has not been 
completed and the pumping plant is not operational, the following calibrations 
could not be performed. They are outlined here, however, so that as these systems 
become available, the force measurement system calibration can be completed. 
To save time and energy, it is suggested that these checks be performed in 
conjunction with the checkout of the high pressure air system and the pumping 
plant. 


5.3.8. Air Line Reustanee(Presiimied and Heated). 

This test checks the results of heating and pressurizing the high pressure 
air lines. For safety reasons, no one can be allowed in the vacuum tank 
while the air lines are pressurized. All test runs will be made with the tank 
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5. Force Measurement System Calibration; 5.3.9. Flow Eflfects(Momentum and Impingment Tares) 


door shut and clamped. This will mean that the pressure in the lines will 
have to be bled off before a loading change can be made, which will making 
the testing very time consuming. For this reason, it is suggested that only 
a limited number of conditions be investigated. This is done to determine 
if the contribution to the system error is large enough to warrant further 
study. 

For the first step, the air lines should be heated and pressurized to their 
maximum expected operating conditions. This is done with no flow in the lines 
and no load applied to the gauges. Any load sensed by the load cells will be 
due to the unsymmetrical expansion of the air lines. The next step will be 
to place a full scale load on the load cells and again bring the adr lines up to 
their maximum operating temperature and pressure. From the zero and full 
scale points the sensitivity of the load cells under these operating conditions 
can be determined. By comparing these sensitivities with those obtained in the 
previous sequence, the magnitude of the heating and pressurization effects can be 
determined. 

If the error is large enough to effect the accuracy of the system, correction 
maps that are a function of the air line pressures and temperatures will have to 
be developed for the force readings. 


5.3.9. Flow Effeeti(Mbmeiitam and Imjdngment Tares). 

Because the size of the momentum tares wUl be a function of the airflow 
through the air lines, this effect should be initially checked with the maximum 
expected airflow passing through the lines. This will indicate whether the momen* 
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5. Force Measurement System Calibration; 


5.3.10. Vacuum Effects 


t.um tares are large enough to require further investigation. One method of per- 
forming this check is to simply route the airflow from the inlet and drive air 
lines back out of the vacuum tank through bleed air lines. Any force sensed 
by the load cells would be a consequence of the air momentum not crossing the 
metric break at a right angle. If the tares are large enough to degrade the force 
measurement system’s accuracy, the piping will either have to be adjusted to 
eliminate the tares or the tares will need to be documented as a function of the 
line airflow. 

An operational check of the exhaust extractors will have to be made 
to determine if there is any impingjnent of the exhaust flow on the metric 
frame. To perform this check, a nozzle should be installed in the tank 
just as it would during a calibration. Tufts should be put on the nozzle, 
the exhaust extractors, and the rear portion of. the metric frame so that 
any flow disturbances can be seen. The nozzle should be run from zero 
to its maximum operating airflow to check the extractor’s efficiency over 
the nozzle’s entire operating range. The load cell signals should also be 
monitored to determine the magnitude of the signal perturbations caused by the 
exhaust. 


5.3.10. Vacuum Eflbets. 

The effects of ambient pressure variations on the load cell output can be 
determined during the pumping plant checkout. This is done with a no load 
condition on the force measurement system. The load cell output is recorded 
and checked for variations over the pressure operating range of the vacuum 


96 



5. Force Measurement System Calibration; 


5.3.11. Standard Noazle Calibration 


tank. 


S.3.11. Standard Noiile Calibration. 

Ultimately, the quality of the PSCL will be judged by its ability 
to reproduce the performance characteristics of known reference nozzles. 
This must be done over the ranges of thrust, mass flow, and pressure 
ratio at which the PSCL is expected to operate. For the proof test 
of the PSCL as a calibration facility, several standard nozzles should be 
calibrated. The calibration of these reference nozzles(such as the ASME 
standards) will demonstrate the accuracy of the laboratory. They should 
be calibrated again periodical^ to check for changes in PSCL’s perfor- 
mance. 


5.4. Calibration Summary 

Because the SM:curacy of the load cells’ was so low, the performance limits 
of the calibration equipment and methods, and the force measurement system 
could not be deflned. However, some conclusions about their performance can be 
made. 

The equipment and methods developed for the calibration of the PSCL’s 
force measurement system were convenient and easy to use. The equipment 
did not add any detectable hysteresis or misalignment error to the calibration 
data. 



5«4. Calibration Summary 


5. Force Measurement System Calibration: 


The effects of the hydrostatic bearings, flexures, instrumentation wiring, and 
the air lines are below the level of accuracy obtainable with the laboratory’s 
present load cells. This is indicated by the comparable or lower levels of non- 
linearity and hysteresis shown by the load cells, between their installed and 
uninstalled performance. In fact, the vibration of the hydrostatic bearings 
seems to have eliminated the gauges’ hysteresis. The increases in the sen- 
sitivity of gauges between the uninstalled and installed calibrations have no 
physical meaning. The increases can more than likely be attributed to the non- 
repeatability of the load cells and not to the design of the force measurement 
system. 

Mechanical interactions are present, but their order of magnitude is quite 
small. Using load cells with higher accuracies, these interactions could be 
calibrated, allowing them to be taken into account. 

While the fact that the system errors are too small to be detected by the 
load cells is good, it does not validate the force measurement system’s design. 
The system errors could still be above the ±0.05%F.S. accuracy required for 
the force calibrations of propulsion simulators. To obtain a realistic idea of the 
accuracy of the force measurement system will require that these calibrations 
be repeated using higher accuracy load cells. The calibrations described in 
Subsections 5.3.8 through 5.3.11 will also have to be performed. The equipment 
and procedures validated in this project should be used to perform these 
calibrations. 

An accuracy level can be stated for the force measurement system from 
the data taken during these calibrations. The accuracy is, however, mainly a 


5. Force Measurement System Calibration; 


5.4. Calibration Summary 


function of the load cells’ characteristics and not those of the force measure- 
ment system. The accuracy obtainable with the present system is the sum 
of the nonrepeatability and nonlinearity for the individual gauges over all the 
calibrations. The worst case is for gauge Ni . It limits the system accuracy to 
±0.826%F.S. 
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Chapter 6 




Recomiuendatioiis 


6.1. Introduction 

Having completed the operational checkout and initial calibration of 
the force measurement system, recommendations for improvements and fu- 
ture investigations can be made. The system improvements are broken 
into two groups. The first, operationsd improvements, contains recom- 
mendations to make the alignment and calibration process safer and more 
efficient. The second, accuracy improvements, has suggestions for hardware 
amd methods that will improve the accuracy of the force measurement sys- 
tem. 


6.2. Operational Lnprovementi 


Overall, the force measurement system and the calibration equip- 
ment operated well. However, several improvements can be made which 
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6. Recommendations 


6.2. Operational Improvements 


will increase the accuracy and decrease the time spent aligning the force 
measurement system and the calibration equipment. Improvements can be 
made to protect the load cells from being over stressed. Additional equip- 
ment is also needed to make the individual load cell calibrations more 
efficient. 

It is recommended that fine controls for adjusting the position of the 
load cell mounts and pulleys be developed. Better control over the horizon- 
tal and vertical position of the load cell mounts and the pulleys would im- 
prove the accuracy with which the force measurement system and the calibra- 
tion equipment is aligned. Eliminating the cumbersome methods presently 
used could reduce the time required for setup and alignment by up to 
25%. 


The fouling of gauge A during the calibration of the force measure- 
ment system's mechanical interactions demonstrated the need for a warning 
system(mentioned in Subsection 4.26) to be developed. The mechanisms for warn- 
ing that the travel stops are fouling will alert operators to problems such as over- 
load conditions. They will also help prevent data from being taken while the 
frame is fouling. 

Changes should be made to improve the operation of the frame lockout 
system. To prevent damage to any more load cells(see Subsection 4.4.2), two 
of the four lockouts have been removed from the system. Using only two 
lockouts, the frame will still be secured and there is a better chance that 
the frame will always lock out in the same position. To test this theory, 
high capacity load cells should be installed in the force measurement system, 
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6. Recommendations 


6.3. Accuracy Improvements 


and the lockouts released and engaged several times. If the output from 
the load cells remains constant, the frame is locking out in a consistent 
position. 

Additional equipment is needed to support the ongoing load cell calibrations. 
During the individual calibrations the equipment available could support only 
two simultaneous load cell calibrations. It is recommended that a calibration 
stand be developed that can be used outside the vacuum tank, so that the 
tank can be freed for more important tasks. The stand should accomodate 
four or more load cells, so that the time consuming creep checks can conducted 
on several load cells at one time. Each load cell station would have all the 
electrical hookups needed. Additional weights will also be required to perform 
several load cell calibrations at one time. These equipment improvements could 
reduce the time required for the individual load cell calibrations by 33%to 
50%. 


6.3. Accuracy Improvementi 

The accuracy of the force measurement system will be improved most 
by replacing the present load cells. The desired accuracy of i0.05%F.S. 
for force measurements is not obtainable with the present load cells. It 
is recommended that several manufacturers be contacted in the effort to 
select the new load cells. Suggested sources include Interface Inc., Ormond 
Inc., and Saber Corp. A competitive calibration program should be set 
up using demonstrator load cells from each manufacturer. The replace- 
ment load cells will be those which perform best during the demonstra- 
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6. Recommendations 


6.3. Accuracy Improvements 


tion calibrations. Identical procedures should be used for each calibra- 
tion. 

Precision alignment jigs should be developed for installing the load cell 
hardware. These jigs would insure that the lift force connecting rods are 
parallel to one another and that they are perpendicular to that thrust force 
connecting rod. This would greatly simplify the the installation of the load 
cell hardware. These jigs would have to be adjustable to accomodate various 
force measurement system configurations. Using the jigs to align the force 
measurement system could provide a time saving of at least 50%. The 
accuracy with which the alignment is performed could be improved by 33%to 
50%. 

After the new load cells have been installed using the precision alignment jigs, 
the system should be checked for interactions. The interactions should be zeroed 
out using the fine position controls on the load cell mounts to adjust the positions 
of the load cells. 

Even with new load cells the temperature effects will still need to be taken 
into account. One solution is to calibrate the gauges at various tempera- 
tures and then correct the force measurement system data using these calibra- 
tions. An easier approach is to develop a Temperature Control Unit(TCU) 
to keep the cells at a constant temperature. The TCU temperature should 
be set higher than the maximum tank temperature(about 48.9® C (120® 
F.)) 

The TCU is similar in concept to the "hot boxes" mentioned in Chapter 
5, but would be much more compact. Once the load cell is installed in the 



6. Recommendations 


6.4. Future Investigations 


TCU, they could be moved as a unit. This would simplify the individual 
calibrations of the gauges and their installation in the force measurement system. 
Each TCU should have provisions for electrical hook-up to the power for its 
heating element, load cell excitation and signal, and the load cell temperature 
instrumentation. 


8.4. Future Investigations 

Because the low accuracy of the load cells masked the characteristics 
of the force measurement system, the calibrations performed during this 
project must be repeated. These should be done after higher accuracy load 
cells have been purchased for the laboratory. The tares due to the bear- 
ings, flexures, instrumentation wiring, and air lines and the mechanical in- 
teractions should then be determined using the methods outlined in Chs^ter 
5. 

To complete the calibration of the force measurement system, the following 
calibrations(as outlined in Chapter 5) must also be performed: 

• Air Line Resistance(Pressurized and Heated) 

• Flow Eflbcts(Momentum Tares and Exhaust Impingment) 

• Vacuum EflSects 

• Standard Nozzle Calibration 

It is recommended that these calibrations be performed in conjunction with 
the checkout of the facility’s high pressure air system and pumping plant. 
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6. Recommendations 


6.4. Future Investigations 


This will reduce the manhours and equipment run times required for the 
calibrations. 

After the first three of these calibrations are completed, the methods for cor- 
recting any errors in the force data need to be developed. Various check forces and 
moments should be placed on the frame to verify that these correction routines 
properly calculate the loads. Once the loads are adequately predicted, the stan- 
dard nozzle calibration can begin. 

The results from the standard nozzle calibration are very important. The 
quality of the laboratory as a whole will be judged by this calibration. The 
information from this calibration will be used to document the accuracy 
levels that can be obtained in the PSCL. The nozzles should be calibrated 
again periodically to check for any changes in the laboratory’s characteris- 
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APPENDIX A 



TAPLF 1.1 
GENISCO LOAD CELL 
MOO AMU-50 
S/N 2228 

EXCITAT10H»9.98 VDC 
DATEl 4/17/84 
TI“E: I5l23t29 
TEMP! no F 
BAROl 14.71 PSl 


FIRST (i SECOND CYCLE 


Coeffieivnts 

C(l) 

C(01l 6.0153963E- 

01 6.6670459B- 

04 

Point 

lb 

mV 

Calcul«t#d mV 

Deviation 

j 

4.090000 

2.459500 

2.460964 

0.002464 

2 

9.090000 

5.467100 

5.468662 

0.001562 

3 

14.090000 

8.472800 

8.476360 

0.003560 

4 

19.090000 

11.479900 

11.484058 

0.004158 

5 

24.090000 

14.488600 

14.491756 

0.0031S6 

6 

29.090000 

17.497300 

17.499455 

0.002155 

7 

34.090000 

20.506000 

20.507153 

0.001153 

8 

39.090000 

23.516200 

23.514«5t 

-0.001349 

9 

44.090000 

26.520300 

26.522549 

0.002249 

10 

49.090000 

29.529000 

29.530247 

0.001247 

11 

54.090000 

32.536200 

32.537945 

0.001745 

12 

49.090000 

29.530500 

29.530247 

-0.000253 

u 

44.090000 

26.523300 

26.522549 

-0.000751 

14 

39.090000 

23.517700 

23.514851 

-0.002849 

15 

34.090000 

20.507500 

20.507153 

-0.000347 

16 

29,09<^000 

17.501900 

17.499455 

-0.002445 

17 

24.090000 

14.491700 

14.491756 

0.000056 

18 

19.090000 

1 1.484500 

11.484058 

-0.000442 

19 

14.090000 

8.477400 

8.476360 

-0.001040 

20 

9. 090000 

5.470200 

5.468662 

-0.001538 

21 

4.090000 

2.463000 

2.460964 

-0.002036 

22 

14.090000 

8.477400 

8.476360 

-0.001040 

23 

24.090000 

14.491700 

14.491756 

0.000056 

24 

34.090000 

20.509000 

20.507153 

-0.001847 

25 

44.090000 

26.623300 

26.522549 

-0.000751 

26 

54.090000 

32.537700 

32.537945 

0.000245 

27 

44.090000 

26.523300 

26.522549 

-0.000751 

28 

34.090000 

20.509000 

20.507153 

*0.001847 

29 

24.090000 

14.493200 

14.491756 

•0.001444 

30 

14.090000 

8.477400 

8.476360 

-0.001040 

31 

4.090000 

2.463000 

2.460964 

-0.002036 

RMS Deviation: o 

.00033045 mV 




- A, 1 - 


mV 1 





T*8LE 1.2 
CENISCO LOAD CELL 
MOD ArfU-50 
S/N 2226 

EXCITAT10Na9.96 VDC 
BATE! 4/17/94 
TIME! 15t23l29 
TEMPS 130 F 
BARO: 14.71 PSI 


FIRST CYCLE 


CeeHleientf 

Ca)o....C(0)t 

6.0154824C 

-01 -7.137115SE- 

05 

Point 

IbS 

nV 

Caleulattd mV 

Deviation 

1 

4.090000 

2.458500 

2.460261 

0.001761 

2 

9.090000 

S. 467100 

5.468002 

0.000902 

3 

14.090000 

8.472800 

8.475743 

0.002943 

4 

19.090000 

11.479900 

11.483485 

0.003585 

5 

24.090000 

14.486600 

14.491226 

0.002626 

6 

29.090000 

17.497300 

17.498967 

0.001667 

7 

34.090000 

20.S06000 

20.506708 

0.000708 

8 

39.090000 

23.516200 

23.514449 

-0.001751 

9 

44.090000 

26.S20300 

26.522191 

0.001891 

10 

49.090000 

29.529000 

29.529932 

0.000932 

11 

54.090000 

32.536200 

32.537673 

0.001473 

12 

49.090000 

29.530500 

29.529932 

-0.000569 

13 

44.090000 

26.523300 

26.522191 

•0.001109 

14 

39.090000 

23.517700 

23.5t4449 

-0.003251 

15 

34.090000 

20.507500 

20.506708 

-0.000792 

16 

29.090000 

17.501900 

17.498967 

-0.002933 

17 

24.090000 

U. 491700 

14.491226 

-0.000474 

18 

19.390000 

11.494500 

11.493485 

-0.001015 

19 

14.090000 

8.477400 

0,475743 

-0.001657 

20 

9.090000 

5.470200 

5.469002 

-0.002199 

21 

4.090000 

2.463000 

2.460261 

-0.002739 


RMS Deviations 0.00043373 nV 
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TABLE 1.3 
GENISCO LOAD CELL 
MOD AWU-50 
S/N 2228 

EXCITATtON»9.«e VDC 
DATE* 4/17/84 
TIME: 15:39:20 
temp: 130 F 
BARO: 14.71 PSl 

SECOND CYCLE 


Cee«Hei«ntS CCD C(0): 6.0151242E-01 2.5319468E-03 


Point 

lb 

MV 

CalculatMd »V 

Deviation 

1 

4.090000 

2.463000 

2.462716 

•0.000282 

2 

14.090000 

8.477400 

6.477842 

0.000442 

S 

24.090000 

14.491700 

14.492966 

0.001266 

4 

34.090000 

20.509000 

20.508090 

•0.000910 

5 

44.090000 

26.523300 

26.523215 

•0.000085 

6 

54.090000 

32.537700 

32.538339 

0.000639 

7 

44.090000 

26.523300 

26.523215 

•0.000085 

8 

34.090000 

20.509000 

20.508090 

•0.000910 

9 

24.090000 

14.493200 

14.492966 

•0.000234 

10 

14.090000 

8.477400 

8.477842 

0.000442 

11 

4.090000 

2.463000 

2.462718 

•0.000282 

RMS Doviationi 0, 

00016819 ffV 






* A • 3 • 


mV ) 


TABLE 1.4 
GENISCO LOAD CELL 
KOD A*»U«50 . 

S/N 2228 

EXC1TATI0N«9.98 VDC 
DATE: 4/17/84 
TI»IE» lf>:47t02 
TEMPS 130 r 
BAROS 14.70 PSX 


CoefHcitntS C(l) C(0)t 6.0108381C-01 2.254B981E>01 


Point 

lb 

»V 

Calculated mV 

Deviation 

i 

4,090000 

2.682900 

2.683923 

0.001023 

2 

14.090000 

6.695000 

8.694761 

•0.000239 

3 

24.090000 

14.705700 

14.705599 

•O.OOOlOi 

4 

34.090000 

20.716300 

20.716437 

0.000137 

5 

44.090000 

26.726900 

26.727275 

0.000375 

6 

54.090000 

32.737500 

32.738113 

0.000613 

7 

44.090000 

26.728400 

26.727275 

•0.001125 

8 

34.090000 

20.716300 

20.716437 

0.000137 

9 

24.090000 

14.705700 

14.705599 

-0.000101 

10 

14.090000 

8.695000 

8.694761 

-0.000239 

11 

4.090000 

2.684400 

2.683923 

-0.000477 


itiV ) 


RMS Devlatloni 


0.00016334 mV 



TABLE 1.5 
6EMSC0 LOAD CELL 
MOD Ai(^U»50 
5/N 2228 

EXCITATlbN*9.98 VDC 
DATE! 4/18/84 
TIME: 10:4ll46 
TEMPI 130 F 
BAROl 14.69 P8I 


Coefficients C 1 1 ) # . . . *0(0) ; 6.0163329E-01 -6.576561 OE-04 


Point 

t 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


lb 

4.090000 

14.090000 

24.090000 

34.090000 

44.090000 

54.090000 

44.090000 

34.090000 

24.090000 

14.090000 
4.090000 


eV 

2.459080 

8.472530 

14.487500 

20.507100 

26.522000 

32.541599 

26.528101 

20.513200 

14.496700 

8.478630 

2.462130 


Calculated mV 
2.460022 
8.476355 
14.492688 
20.509021 
26.525354 
32.541667 
26.525354 
20.509021 
14.492688 
8.476355 
2.460022 


Deviation mV 
0.000942 
0.003825 
0.005188 
0.001921 
0.003354 
0.000088 
-0.002747 
-0.004179 
-0.004012 
-0.002275 
-0.002108 


RMS Deviation: 


0.00094522 mV 



TtSLC 1.6 
GCNISCO L.OAO CELL 
MOD AMO-SO 
S/N 2226 

EXC1TAT10N«9,96 VOC 
DATEl 4/19/94 
TIME! 10!03:36 
TEMP! 130 F 
BAROS 14.76 PSI 


Coaff ieiants 

ecu C(0)! 

6.0349724E- 

01 -7.7644996E- 

03 

Point 

ibt 

fpy 

Caleulatad mV 

Deviation 

1 

4.090000 

2.457B60 

2.460539 

0.002679 

2 

14.090000 

9.494700 

8.495S12 

0.000812 

3 

24.090000 

14.530000 

14.530494 

0.000484 

4 

34.090000 

20.565300 

20.565456 

0.000156 

5 

44.090000 

26.59900C 

26.600429 

0.001429 

6 

S4. 090000 

32.634300 

32.635401 

o.oonoi 

7 

44.090000 

26.602100 

26.600429 

•0.001671 

e 

34.090000 

2C. 566600 

20.565456 

•0.001344 

9 

24.090000 

14.53150P 

14.530494 

•0.001016 

10 

14.090000 

6.496230 

8.495512 

-0.000718 

11 

4.090000 

2.462450 

2.460539 

-0.00191 1 


RMS Deviation! 0,00041906 i»V 




av ) 


A.t) 



TABLe 1.7 
GENISCO LOAD CELL 
MOD A4U'50 
S/N 2328 

EXCITATI0N»9.9b VDC 
DATES 4/19/94 
TIMES I2S4SS43 
TEMPS 85 r 
BAROS 14.76 PSl 


Co»ffici«ntl CCl).....C(0)t 5.9450490E-01 -1 .6593764E-03 


Point 

Ibs 

mV 

Calculmted mV 

Deviation 

X 

4,090000 

2.414560 

2.414931 

0.000371 

2 

14.090000 

8.360690 

6.359960 

-0.000710 

3 

24*090000 

14.306800 

14.305029 

-0.001771 

4 

34.090000 

20.251400 

20.250078 

-0.001323 

5 

44.090000 

26.196000 

26.195127 

-0.000673 

6 

54.090000 

32.139100 

32.140176 

0.001076 

7 

44.090000 

26.194500 

26.195127 

0.000627 

8 

34.090000 

20.249900 

20.250078 

0.000176 

9 

24.090000 

14.303600 

14.305029 

0.001229 

10 

14.090000 

6.359160 

8.359960 

0.000820 

11 

4.090000 

2.414560 

2.414931 

0.000371 


RMS Deviations 0.00029021 mV 


.7 - 


OV ) 


» A 



fhniz i.e 

GCVIsrO L040 CELL 

^or> 

S/N 777 ^ 

EXCITATT0N39*98 VDC 
X>kTf/f 4/17/84 
TIME: 9109113 
TE^Pt 130 r 
BAR^t 14.73 P8I 
APPLIED LOAD » 84.09 LP 

ELAP5ED OUTPUT 

TIPEfSECl mV 


FIRST CfCLC 

0 

92 

401 

690 

988 

U99 

1S91 

1890 

2191 

2496 

2B11 

308S 

338P 

3690 

SECOND CYCLE 

0 

272 

576 

674 

1235 

1474 

1781 

2074 

2372 

2672 

2972 

3271 

3572 

THIRD CYCLE 

0 

368 

692 

969 

1266 

1566 

1866 

2165 

2466 

2764 

3066 

3365 

3656 


0^324900R402 

0^325068E402 

0^325373E402 

0^325526Et02 

0^|25587E402 

0^|25663E902 

0^325663Em02 

0^325693E4>02 

0^325691F*02 

0^325724Ei02 

0^325709E+02 

0^325709E+02 

O.325724Ei02 

0.325693Em02 

o!. 327250E+02 
0.327250E+02 
0'^127265E-f02 
0. 327280F:'f02 
0^127280E+02 
0^3272»0E402 
0^3272ROE+02 
0^|27265E*02 
0^327265E+02 
0;.327265E + 02 
0^127250E402 
0^327250tm02 
0.327235E+02 

f)'^327219C4‘02 

0^327235E402 

0^327265E402 

0^327235ci02 

0.I27265C402 

0^327265E402 

0;.327265E402 

0^327250E402 

0;.327265<^^02 

0;.377?50E402 

0.327265E+02 

0.327250E^07 

0.327265E402 



TABLE 3.1 
GENISCD LOAD CELL 
AiOO A«rU*50 
S/N 5229 

EXCITATI0N*9,98 VDC 
DATEt 4/26/64 
TIME: 13:23tS6 
TEHPj 130 F 
8AR0S 14.66 PSI 

PIPST 6 SeCOMD CYCLES 


CoefHcitnti C(l).....C(01l 6.0471717E-01 -1 . 1 066373E-02 


Point 

Xb 

(iV 

Calculated mV 

Deviation 

1 

4.060000 

2.445380 

2.444085 

-0.001295 

2 

9.060000 

5.452140 

5.467671 

0^015531 

3 

14.060000 

8.474160 

8.491257 

0.017097 

4 

19.060000 

11.494600 

11.514843 

0.020243 

S 

24.060000 

14.518200 

14.538429 

0.020229 

4 

29.060000 

17.543300 

17.562014 

0.018714 

7 

34.060000 

20.568300 

20.585600 

0.017300 

8 

39.060000 

23.593400 

23.609186 

0.015786 

9 

44.060000 

26.615400 

26.632772 

0.017372 

10 

49.060000 

29.642000 

29.656358 

0.014358 

11 

54.060000 

32.662500 

32.679944 

0.017444 

12 

49.060000 

29.649600 

29.656358 

0.006756 

13 

44.060000 

26.632200 

26.632772 

0.000572 

14 

39.060000 

23.614800 

23.609186 

-0.005614 

15 

34.060000 

20.591200 

20.585600 

•0.005600 

16 

29.060000 

17.569200 

17.562014 

•0.007186 

17 

24.060000 

14.545700 

14.536429 

-0.007271 

IS 

19,060000 

11.519100 

11.514843 

-0.004257 

19 

14.060000 

8.495510 

8.491257 

•0.004253 

20 

9.060000 

5.470450 

5.467671 

-0.002779 

21 

4.060000 

2.443850 

2.444085 

0.000235 

22 

14.060000 

8.497040 

8.491257 

-0.005783 

23 

24.060000 

14.548700 

14.538429 

-0.010271 

24 

34.060000 

20.601900 

20.585600 

-0.016300 

25 

44.060000 

26.652000 

26.632772 

-0.019228 

25 

54.060000 

32.696000 

32.679944 

-0.016056 

27 

44.060000 

26.653500 

26.632772 

-0.020728 

28 

34.060000 

20.606500 

20.585600 

•0^020900 

29 

24.060000 

14.554800 

14.536429 

-0.016371 

30 

14.060000 

8.S0314C 

8.491257 

-0.0118R3 

31 

4.060000 

2.449950 

2.444085 

-0.005865 


RMS Deviatient 0.00342766 mV 


I 


- A, 9 - 


mV ) 


T»BLE 2.2 
SENISCO LOAD CELL 
MOD AkU-SO 
S/N 2229 

EXC1XAT10N»9,98 VOC 
DATEt 4/26/84 
TIME! 13:22:56 
TEMPI 130 f 
BARO: 14.69 PSl 


FIRST CYCLE 


Cecffieltnts 

CCl)p.,p.C(0>t 

6.0454945C 

•01 •1.3220084E- 

02 

Point 

lb 

mV 

Csleul.ted «V 

Deviation 

\ 

4.060000 

2.445380 

2.4412S1 

-0.004129 

2 

9.060000 

5.452140 

5.463998 

o.oiiesa 

3 

14.060000 

8.474160 

8.48674S 

0.012585 

4 

19.060000 

11.494600 

11.609492 

0.014892 

5 

24.060000 

14.518200 

14.532240 

0.014040 

6 

29.060000 

17.543300 

17.554987 

0.011687 

7 

34.060000 

20.S6B30G 

20.577734 

0.009434 

8 

39.060000 

23.593400 

23.600481 

0.007081 

9 

44.060000 

26.615400 

26.623229 

0.007829 

10 

49.060000 

29.642000 

29.645976 

0.003976 

11 

S4. 060000 

32.66250C 

32.668723 

0.0C6223 

12 

49.060000 

29.649600 

29.645976 

-0.003624 

13 

44.060000 

26.632200 

26.623229 

-0.008971 

14 

39.060000 

23.614800 

23.600481 

-0.014318 

15 

34.060000 

20.59120C 

20.577734 

-0.013466 

16 

29.060000 

17.569200 

17.554987 

-0.014213 

17 

24.060000 

14.545700 

14.532240 

-0.013460 

18 

19.060000 

11.519100 

11.509492 

-0.009608 

19 

14.060000 

8.495510 

8.486745 

-0.008765 

20 

9.060000 

5.47045C 

5.463996 

-0.006452 

21 

4.060000 

2.443650 

2.441251 

-0.002599 


RMS D*vi«tlon: 0.00223717 «V 





T4PLE 2,3 
6ENISCD LOAD CELL 
MOO AHU-SO 
8/N 2229 

EXCITATlbN«9.98 VDC 



DATEl 

4/26/84 




TINEi 

13:33:46 




temp: 

130 F 




BAROt 

14.68 PST 



SECOND 

CYCLE 




coaificients C(n,...,C(0) 

: 6.0506248E 

•01 •7.3026906C* 

03 

Point 

lbs 

•iV 

Calculates nV 

Deviation 

1 

4.060000 

2.443850 

2.449251 

0,005401 

2 

14.060000 

8.497040 

8.499876 

0.002B36 

3 

24.060000 

14.548700 

14.550501 

o.ooieoi 

4 

34.060000 

20.601900 

20.601125 

-0,000775 

5 

44.060000 

26.652000 

26.651750 

-0.000250 

6 

64.060000 

32.696000 

32.702375 

0.006375 

7 

44.060000 

26.653500 

26.651750 

-0,001750 

8 

34.060000 

20.606500 

20.601125 

-0.005375 

9 

24.060000 

14.554800 

14.550501 

-0.004299 

10 

14.060000 

8.503140 

8.499876 

-0.003264 

n 

4.060000 

2.449950 

2.449251 

-0.000699 


RMS Deviation: 0.00108R38 rv 



mV ) 


A.l 1 





T»BLE 2.4 
CCNISrO lOKD CELL 
MOO A«fU«50 
8/N 2229 

eXCITAl'ION«9.98 VDC 
r>ATEt 4/26/94 
TIHEi 14130117 
TEMPI 130 r 
BAROi 14.67 PSl 


CeefHeient* C(l},....C(0)t 6.03963e2E>01 •2.82S5365C«02 


Point 

I&8 

ifiV 

Calculated *v 

Deviation 

i 

4«06000C 

2.418280 

2.423638 

0.005558 

2 

14.060000 

8.456660 

6.463476 

0.004816 

3 

24.060000 

14.496000 

14. 503114 

0.007114 

4 

34.060000 

20.537900 

20.542752 

0.004852 

S 

44.060000 

26.579800 

26.582391 

0.002591 

6 

54.060000 

32.617100 

32.622029 

0.004929 

7 

44.060000 

26.587400 

26.562391 

-0.005009 

« 

34.060000 

20.551600 

20.542752 

•0.008648 

9 

24.060000 

14.511200 

14.503114 

-0.008086 

10 

14.060000 

8.469330 

8.463476 

•0.005854 

11 

4.060000 

2.425900 

2.423638 

-0.002062 


PMS Deviation! 0.00174043 mv 




A.l? . 


mV ) 





T»<^liE 2.5 
6CNISC0 bOAO CELL 
MOO A>l!J«SO 
8/N 2229 

EXCltATIOM»9.98 VDC 
OATCt 4/27/94 
TIMEt 12145:52 
TE«Pt 130 F 
BAROtl4.70 PSI 


Co«Hieient> 

CCl)..... 

C(0): 6.0549634E- 

01 -2'.3860329E» 

02 

Point 

Ibc 

hV 

Caleulitsd nV 

Deviation 

1 

4«060000 

2.432320 

2.4344U 

0.002094 

7 

14.060000 

8.484140 

8.489278 

0.005139 

3 

24.060000 

14.539000 

14.544141 

0.005141 

4 

34.060000 

20.593900 

20.599004 

0.005104 

5 

44.060000 

26.648700 

26.65386B 

0.005169 

6 

S4.060000 

32.706700 

32.708731 

0.002031 

7 

44.060000 

26.659400 

26.653868 

-0.005532 

8 

34.060000 

20.606100 

20.599004 

-0.007096 

9 

24.060000 

14.551200 

14.544141 

-0,007059 

10 

14.060000 

8.493300 

6.489278 

-0.004022 

11 

4.060000 

2.43S360 

2.434414 

-0.000966 

RMS DftVlAtiont 0« 

00147147 mV 






mV ) 


A. 13 



TABLE 2.6 
GCNISCO LOAD CELL 
«»00 A«U*50 
S/N 2229 

EXClTATI0Ns9*98 VOC 
DATCl 4/27/B4 
TIME: 13:49119 
TEMPS 130 r 
BAROl 14.70 PSI 


CoetHci«nt8 cci)f..ccr>1t 6.05194S9E»01 «3*.4S52630E«0 2 


Point 

lbs 

ftV 

Calculated mV 

oavlatlon 

1 

4,060000 

2,419110 

2.422237 

0.003127 

2 

14,060000 

B. 465360 

8.474183 

0.006823 

3 

24,060000 

14.519200 

14.526129 

0.006929 

4 

34,060000 

20.571600 

20.578075 

0.006475 

S 

44,060000 

26.625400 

26.630021 

0.004621 

6 

S4,060000 

32.679300 

32.661967 

0.002667 

7 

44.060000 

26.634600 

26.630021 

-0.004579 

B 

34.060000 

20.58B40C 

20.578075 

-0.010325 

9 

24,060000 

14.536000 

14.526129 

-0.009871 

10 

14.060000 

8.479080 

B. 474183 

-0.004B97 

11 

4,060000 

2.425210 

2.422237 

•0.002973 

RMS Oeviatlont 0. 

00195794 !TV 




o 


A. 1 ^ • 


ffV ) 



TABLE 2.7 
GENISCO LOAD CELL 
MOO AWU-»50 
5/N 777 ^ 

EXCITATIDM»9,98 VDC 
DATE! 4/27/84 
TIMES 15:52t24 
TEMPI 80 r 
BARQ: 14.88 PSI 


CocHieitnts 


C(0)t 5.9560204C* 

01 •2.2630793E- 

02 

Point 

lb 

wv 

Calculated nv 

Deviation 

1 

4.060000 

2.197700 

2.196325 

-0.001375 

2 

14.060000 

8.355290 

6.354346 

•0.000944 

7 

24.060000 

14.317500 

14.312366 

-0.005134 

4 

34.060000 

20.275100 

20.270387 

-0.004713 

9 

44.060000 

26.229600 

26.228407 

•0.001193 

6 

54.060000 

32.181100 

32.186427 

0.005327 

7 

44.060000 

26.228100 

26.228407 

0.000307 

8 

34.060000 

20.272000 

20.270387 

•0.001613 

9 

24.060000 

14.311400 

14.312366 

0.000966 

10 

14.060000 

8.349180 

8.354346 

0.005166 

11 

4.060000 

2.393120 

2.396525 

0.003205 

PMS Deviation: o. 

00100309 mV 




mV ^ 


FIRST CYCliB 


SECOND CYCLE 


THIRD CrCLE 


THROE J,R 
GENTSro LOHO CELL 
wfOD AtfU-50 
S/H 772<^ 

EXCITHTtON»9.98 VOC 
OHTFS 4/27/84 
TXNCt R!06!30 
TEN»t 130 F 
B4R0t 14,71 PSI 

APPLIED LOAD m 54.06 L8 

ELAPSED OUTPUT 

TIHE(SBC) »V 


0 

0^326549E402 

366 

0^926839E402 

661 

Q^326961E402 

945 

0^327022E4.02 

U65 

0^327083E402 

1562 

0^327144E402 

1874 

0^327175Et02 

2166 

0^327190E4.02 

2464 

0^327251B+02 

2760 

0.327251E402 

0 

0^327236Et02 

260 

0^327312Et02 

575 

0^327342E+02 

lies 

0^327388E+02 

1532 

0^327388E*i'0? 

1775 

O^327403E+02 

2072 

0^377418E4.02 

2374 

0^327449^402 

2683 

0^327434E402 

2975 

0«327449C402 

0 

0,.327251E402 

300 

0^327327E402 

600 

0^|27358E402 

901 

0^327418E402 

1197 

0^S27418E402 

1S36 

0^327418E402 

1824 

0^327418E402 

2099 

0^327403E402 

2410 

0^327403E402 

2701 

0.327434E402 



TABLE 3.1 
GCNI8CD LOAD CELL 
MOD AWU»50 
S/N 2230 

EXCITATI0N«9.9B VDC 
DATEl 4/17/64 
TIMES 16100:54 
TEMP^ 130 F 
BAROl 14.70 PSI 

FIRST 6 SECOND CYCLES 


CoftHcitntS C(l)«*».tC(0) I 6.0642715E-01 9.S52231 9E»02 


Point 

lb 

mV 

Caleulnted mV 

OtflRtlon 

1 

4.090000 

2.565300 

2.576809 

0,011509 

9 

9.090000 

5.597900 

5.608945 

0.011045 

3 

14.090000 

8.630400 

6.641061 

0.010681 

4 

19.090000 

11.663000 

11.673217 

0.010217 

5 

29.090000 

17.731200 

17.737488 

0.006288 

6 

34.090000 

20.763800 

20.769624 

0.005824 

. 7 

39.090000 

23.799400 

23.601760 

0.002360 

8 

44.090000 

26.828900 

26.633895 

0.004995 

9 

49.090000 

29.859900 

29.866031 

0.006131 

10 

54.090000 

32.695500 

32.898167 

0.002667 

11 

49.090000 

29.867600 

29.866031 

-0.001569 

12 

44.090000 

26.636500 

26.833895 

•0.002605 

13 

39.090000 

23.807000 

23.80176C 

-0.005240 

14 

34.090000 

20.772900 

20.769624 

-0.003276 

15 

29.090000 

17.740300 

17.7374P8 

-0.002817 

16 

24.090000 

14.707800 

14.705352 

-0.002448 

17 

19.090000 

11.676700 

11.673217 

-0,003483 

18 

14.090000 

8.644200 

8.6410P1 

-0.003119 

19 

9.09C000 

5.613100 

5.608945 

•0.004155 

20 

4.090000 

2.582100 

2.576600 

-0.005291 

21 

14.090000 

8.642700 

8.641081 

-0.001619 

22 

24.090000 

14.707800 

14.705352 

•0.002448 

23 

34.090000 

20.772900 

20.769624 

-0.003276 

24 

44.090000 

26.836500 

26.633895 

•0.002605 

25 

54.090000 

32.897000 

32.698167 

0.001167 

26 

44.090000 

26.836500 

26.633895 

-0.002605 

27 

34.090000 

20.774400 

20.769624 

•0.004776 

28 

24.090000 

14.712400 

14.705352 

•0,007048 

29 

14.090000 

8.647200 

6.641081 

-0.006119 

30 

4.090000 

2.585200 

2.576809 

•0.008391 

RMS Deviation! o. 

00103530 mV 




mV 1 





n 


TABLE 3.2 
GENXSCb LOAD CELL 
MOO AHO>SO 
S/N 2230 

EXCXTATI0N«9.98 VCC 
OATEl 4/17/64 
TXMEI 16t00t$4 
TEMPI 130 r 
6AR0t 14.70 P8X 


rXRST CYCLE 


CetfHelentt C(l).....C(07t 6.0e476l6E»01 9.3203S60C»02 


Point 

lb 

tV 

Calculated mV 

Davlatien 

1 

4.090000 

2.565300 

2.571699 

0.008399 

a 

9.090000 

S. 597900 

5.606090 

0.008190 

3 

14.090000 

8.630400 

8.638481 

0.008081 

4 

19.090000 

11.663000 

11.670872 

0.007872 

5 

29.090000 

17.731200 

17.735653 

0.004453 

6 

34.090000 

20.763800 

20.768044 

0.004244 

7 

39.090000 

23.799400 

23.800435 

0.001035 

8 

44.090000 

26.826900 

26.832826 

0.003926 

9 

49.090000 

29.859900 

29.865216 

0.005316 

10 

54.090000 

32.895500 

32.897607 

0.0021 07 

11 

49.090000 

29.867600 

29.665216 

-0.002384 

12 

44.090000 

26.836500 

26.832826 

•0.003674 

13 

39.090000 

23.807000 

23.800435 

-0.006565 

14 

34.090000 

20.77290C 

20.768044 

-0.004856 

IS 

29.090000 

17.740300 

17.735653 

-0.004647 

16 

24.090000 

14.707600 

14.703262 

-0.004536 

17 

19.090000 

11.676700 

11.670872 

•0.005626 

IS 

14.090000 

8.644200 

8.638481 

-0.005719 

19 

9.090000 

5.61310C 

5.606090 

-0.007010 

20 

4.090000 

2.582100 

2.573699 

-0.008401 


RMS Deviation: 0.00129069 ev 




» A , 1 6 . 


ev ) 



TABLE 3.3 
6EN1SC0 LOAD CELL 
MOD AWU-SO 
S/K 2230 

EXCIIATI0N»9»98 VDC 
DATEt 4/17/84 
TlMEt 16:20128 
temp: 130 r 
BA89I 14.70 PSI 


SECOND CYCLE 


Cetffieientt C(l) C(0)i 6.0631410E-01 1 .034640SE-01 


Point 

lb 

•V 

Cftleulated mv 

Deviation 

1 

4.090000 

2.582100 

3.SB3299 

0.001189 

2 

14.090000 

8.642700 

8.645490 

0.003730 

3 

24.090000 

14.707800 

14.709571 

0.001771 

4 

34.090000 

20.772900 

20.772712 

•0.000188 

S 

44.090000 

26.836500 

26.835853 

•0.000647 

6 

54.090000 

32.897000 

32.8Q8994 

0^001994 

7 

44.090000 

26.836500 

26.835853 

•0.000647 

1 

34.090000 

20.774400 

20.772712 

•0^001688 

9 

24.090000 

14.712400 

14.709571 

•0.002829 

10 

14.090000 

8.647200 

8.646430 

•0.000770 

11 

4.090000 

2.585200 

2.583289 

•0.001911 


RMS Deviation: 0.00006341 »v 


»V ) 


A.lQ 





Tl^t.E 3.4 
GENISCO LOAD CELL 
MOD A4U*SO 
8/N 3230 

CXCITAT10N«9.98 VDC 
DATE! 4/18/84 
TlMEi 10:23125 
TEMP: 130 F 
BAPO: 14.70 PSI 


CetfMeitntt C(1).....C(01: 6.0494270E-01 1.B445S17E-02 


Point 

lb 

»v 

CBlculateO ffV 

Deviation 

1 

4.090000 

2.489280 

2.492661 

0.003381 

2 

14.090000 

8.534040 

8.542088 

0.008048 

9 

24.090000 

14.583400 

14.591515 

0.008115 

4 

34.090000 

20.634200 

20.640942 

0.006747 

5 

44.090000 

26.688101 

26.690369 

0.002266 

6 

54.090000 

32.740500 

32.739796 

-0.000704 

7 

44.090000 

26.694199 

26.690369 

-0.003830 

e 

34.090000 

20.646400 

20.640942 

-0.005456 

4 

24.090000 

14.597099 

14.591515 

-0.005564 

10 

14.090000 

8.549290 

6.542088 

-0.007202 

11 

4.090000 

2.498440 

2.492661 

-0.005779 


RMS Deviation: 0.00171057 nv 





nv ) 


A .?0 



rtmt 3.5 
GCNISCO bOkO CELL 
MOD AtfU*50 
E/N 2230 

EXCITATI0N«9.98 VDC 
DATES 4/18/84 
TIMES Ilsi7sl5 
TEMPI 130 F 
BAROt 14.68 PSI 


Cetf f ieltnti 

CCD CCO^S 

6.0524955E- 

01 2.5498585E* 

02 

Point 

lb 

9V 

Cileulated mV 

Deviation 

1 

4.090000 

2.499800 

2.500969 

0.001169 

2 

14.090000 

8.552450 

8.553465 

O.OOIOIS 

3 

24.090000 

14.605099 

14.605960 

0.000661 

4 

34.090000 

20.6S6200 

20.65A456 

0. 002266 

S 

44.090000 

26.707300 

26.710951 

0.003651 

6 

54.090000 

32.763000 

32.763447 

0.000447 

7 

44.090000 

26.713400 

26.710951 

-0.002449 

8 

34.090000 

20.660800 

20.658456 

-0.002344 

9 

24.090000 

14.609700 

14.605960 

-0.003740 

10 

14.090000 

8.555500 

8.553465 

-0.002036 

11 

4.090000 

2.499800 

2.500969 

0.001169 


RMS Deviation: 


0.00066024 mV 



TABLE 3.6 
GCNI5C0 LOAD CELL 
MQO AMU-50 
S/N 2230 

EXCITAT10NM9.9I VOC 
DATE* 4/19/64 
TlMCt 11105:25 
TEMP: 130 F 
BARO: 14.76 P61 


CotfHeientS C(l)*....c(0)t 6.034665SE-01 2.401 9269C-02 


Point 

lb 

■V 

Calculated ev 

Obviation 

i 

4.090000 

2.469610 

2.492206 

0.002396 

2 

14.090000 

8.525790 

6.526891 

0.001101 

3 

24.090000 

14.561600 

14.561577 

•0.000223 

4 

34.000000 

20.593200 

20.596262 

0.OO3Q62 

S 

44.090000 

26.629200 

26.630948 

0.001748 

6 

54.090000 

32.665100 

32.665633 

0.000533 

7 

44.090000 

26.633700 

26.630946 

•0.002752 

8 

34.090000 

20.597600 

20.596262 

•0.001538 

9 

24.090000 

14.563300 

14.561577 

•0.001723 

10 

14.090000 

6.527320 

6.526891 

•0.000429 

U 

4.090000 

2.494360 

2.492206 

-0.002174 

RMS Dvviatloni 0. 

00055699 mV 




mV ) 


A. 22 



TABliE 3.7 
GCNISCO LOAD CELL 
«OD Ai#U»50 
S/N 2230 

EXCITATI0N«9.98 VDC 
DATES 4/30/84 
times 8s57t43 
TEMPS 80 r 
BAROS 14.82 P5X 


Coeftici«ntf CCn#*...CCO) S 5.936862RE-01 2 .2094097E*02 


Point 

Ibc 

• V 

C.leulat.d mV 

O.vi.tlDn 

1 

4.060000 

2.440100 

2.432460 

-0.007640 

2 

14.060000 

8.373900 

8.369323 

-0.004577 

3 

24.060000 

14.310750 

14.306186 

-0.004564 

4 

34.060000 

20.244550 

20.243049 

-0,001501 

$ 

44.060000 

26.181450 

26.179912 

-0.001S3H 

6 

S4. 060000 

32.1)8300 

32,116775 

-0,001525 

7 

44.060000 

26.178400 

26.179912 

0.001512 

8 

34.060000 

20.240000 

20.243049 

0,003049 

9 

24.060000 

14.301600 

14.306186 

0.004586 

10 

14.060000 

8.361700 

8.369323 

0.007623 

11 

4.060000 

2.427885 

2.432460 

0.004575 


RMS Dtvlatlont 


0.001 34456 irV 



,TAgUE 3.9 
GEN I SCO LOAD CELL 
NOD AWU»50 
5/M 2230 

EXCTTAT10M«9.98 VDC 
DATEt 4/17/84 
TIMEjt 9:09113 
TEMPI 130 F 
BAROt 14.73 PSI 
APPLIED LOAD m 54.29 LB 


ELAPSED OUTPUT 

riMECSCCl BV 


FIRST CYCLE 


SECOND CYCLE 


THIRD CYCLE 


0 

0^328822C402 

92 

0^32900SE4>02 

401 

0^329218Et02 

690 

0^3?9401E402 

9B6 

0|.l29447Et02 

1289 

0^329539E402 

1591 

0^329$54F402 

1890 

0^I29584C<^02 

2191 

n^329600E^02 

2488 

0^3?9600E402 

2811 

0^329630E402 

3089 

0^3?9630E402 

3388 

0^329630E402 

3690 

0.329630E402 

0 

0^329386E402 

272 

0^329509E402 

S76 

0^329554r40? 

874 

0^329569E402 

1235 

0^329569E40? 

1474 

0.329584E402 

1781 

0^329569E402 

2074 

0^329584r402 

2372 

0^3Y9569E402 

2672 

0^329569X402 

2972 

0^329569C402 

3271 

Q^329S54E402 

3572 

0.329569E4*02 

0 

o'^329355E402 

368 

0^329462E402 

692 

0^329493E402 

969 

0^329508E402 

1266 

0^329523F402 

1566 

0^329523F402 

1866 

0^329539E402 

2165 

Op329523E402 

2466 

0^329554C^0? 

2764 

0j.32953PE402 

3066 

0^329539X402 

3365 

0^329539E+02 

3656 

0.329539X407 





table ^ 

GE'^ISCO load cells 
mOOEL A/H.50 
eXCITATtOI')s9.'»6 vOC 

qate: s/t 7 /S 4 
TIME: 

TE''P: 130 F 
B*« 0 : la , 76 PSI 


Load Cell 

S/N 22E9 
S/M 2250 
3/N 2228 


KA-4 CTi, 

7201 

7295 

0893 


c^AMGE 
10,93618 
I 1.126S7 
10,B1820 


NOTE; A lo*< '1 h« PPECISION RESISTor 4a5 PLacEO ACROSS Th£ 
NEG»TiVp Signal ANO flEGATiVe £<cITATioN LEAo^ fo 
obtain foE mV change. Tm£ ReSISTOK haR PLActO ON 
the LEArjS at ThE OATa SYSTEM^ 




A, 25 





TABLE 5.1 
GE^ISCO LOAD CELL 
MOO AMU-50 
8/N 2729 

EXCIT4TI0N«9.98 VOC 
4/20/84 

TIMS: 10|02:01 
TEMPI Room Temo. 
B4RQI 14.83 P5I 

PULLEY II CALIBRATION 


riRST CYCLE 


Cotff ieitntt 

ccn 

C(01» 5.92U124E* 

01 •4.9105984E* 

03 

Point 

Xb 

mV 

Cmieulatmd mV 

Deviation 

1 

0.000000 

0.003052 

•0.004911 

-0.007962 

2 

10.000000 

5.912960 

5.916502 

0.003542 

3 

20.000000 

11.835100 

11,837914 

0.002B14 

4 

30.000000 

17.76180C 

17.759327 

•0.002473 

5 

40.000000 

23.682400 

23.680739 

•0.001661 

6 

50.000000 

29.609100 

29,602151 

-0.006949 

7 

40.000000 

23.682400 

23.680739 

-0,001661 

8 

30.000000 

17.752600 

17.759327 

0,006727 

9 

20.000000 

11.927400 

11.837914 

0.010514 

10 

10.000000 

5.911430 

5.916502 

0.005072 

11 

0.000000 

0.003052 

•0.004911 

-0.007962 

RMS Oeviationt 0. 

00179232 »V 




SECOND CYCLE 


Cooffieitnts CC1)*..««C(0)| 5»9201192E*01 •6.6970500E-03 


Point 

lb 

mV 

Caleuiatad mV 

Otviation 

1 

0.000000 

0.003052 

•0,006697 

-0.009749 

2 

10.000000 

5.902280 

5.913422 

0.011142 

3 

20.000000 

11.832000 

11.833541 

0.001541 

4 

30.000000 

17.749600 

17,753661 

0.004061 

5 

40.000000 

23.673200 

23.673780 

0.000580 

6 

50.000000 

29.601400 

29.593899 

•0.007501 

7 

40.000000 

23.676300 

23.673780 

-0.002520 

8 

30.000000 

17.751100 

17.753661 

0.002561 

9 

20,000000 

11.832000 

11.833541 

0.001541 

10 

10.000000 

5.905330 

5.913422 

0.008092 

11 

0 .000000 

0.003052 

-0.006697 

-0.009749 

RM5 Otviation: 0. 

00197183 mV 




o 


mV ) 


mV ) 


A.a6 



n 

THIRD CTCIiE 


Co«£<lei«ne< CCn.....C(0)t S.9207646E-01 -7.6138S6SE-09 


Point 

lb 


C6leulat«d nV 

O.viatlon 

1 

0.000000 

0.003052 

•0.007613 

•0.010665 

2 

10.000000 

5.906860 

5.913152 

0.006292 

3 

20.000000 

11.827400 

11.833916 

0.006516 

4 

30.000000 

17.755700 

17.754691 

-0.001019 

5 

40.000000 

23.676300 

23.675446 

•0.000854 

6 

50.000000 

29.606000 

29.596210 

-0.009790 

7 

40.000000 

23.674700 

23.675446 

0.000746 

8 

30.000000 

17.751100 

17.754681 

0.003581 

9 

20.000000 

11.827400 

11.833916 

0.006516 

10 

10.000000 

5.903810 

5*913152 

0.009343 

u 

0.000000 

0.003052 

•0.007613 

•0.010665 

RMS D«viationt 0. 

00213247 iiV 




rbURTH CYCUE 


Cotf f Iclents 

i ccn,.... 

C(Ol: 5.9181037E- 

01 •4.0589eS5E« 

03 

Point 

lb 

ffV 

C 4 lculat»d mV 

Oeviat Ion 

1 

0.000000 

0.003052 

•0.004059 

-0.007111 

2 

10.000000 

5.903810 

5.914045 

0.010235 

3 

20.000000 

11.829000 

11.832148 

0.003148 

4 

30.000000 

17.743500 

17,750252 

0.006752 

5 

40.000000 

23.671700 

23.668356 

•0.003344 

6 

50.000000 

29.589200 

29.586460 

-0.002740 

7 

40.000000 

23.668600 

23.666356 

-0.000244 

8 

30.000000 

17.757200 

17.750252 

•0.006946 

9 

20.000000 

11.827400 

11.832148 

0.004748 

10 

10.000000 

5.911430 

5.914045 

0.002615 

11 

0.000000 

0.003052 

-0,004059 

-0.007111 

RMS Daviationt o. 

00171958 MV 






mV ) 


mV > 


A,27 



n 


TABLE 5.2 
GENZSCO LOAD CELL 
BOO ABU-50 
S/N 2229 

EXClTATI0»f«9.98 VOC 
OATEt 4/20/84 
TIBE: 11110134 
TEBPt Room Ttmo* 
BAROt 14.83 PSI 

PULLEY #2 CALIBRATION 


FIRST CYCLE 


CosfCleitntt 

ecu 

C(0)| 5.9226422E- 

01 •1.9398745E* 

03 

Point 

lb 

mV 

Colculmtmd mV 

Dmviation 

1 

0.000000 

0.000000 

•0^001940 

-0.001940 

2 

10,000000 

5.919160 

5.920702 

0.001542 

3 

20.000000 

11.847500 

11.84334S 

-0.004155 

4 

30.000000 

17.771200 

17.7659R7 

•0.005213 

5 

40.000000 

23.690400 

23.688629 

-0.001771 

6 

50.000000 

29.608000 

29.611271 

0.003271 

7 

40.000000 

23.688900 

23.688629 

-0.000271 

8 

30.000000 

17.766600 

17.765987 

-0.000613 

9 

20.000000 

11.939900 

11.843345 

0.00344S 

10 

10.000000 

5.911530 

5.920702 

0.009172 

11 

0.000000 

0.001526 

-0.001940 

-0.003466 

RMS Deviation: 0. 

00119533 mV 




SECOND CYCLE 


Cotf ficients C(l)««.« «C(0) I 5.923026SE-01 -3. 3671B84R-03 


Point 

Ib 

mV 

Calculated mV 

Deviation 

1 

0.000000 

0.001526 

-0.003367 

-0.004694 

2 

10.000000 

5.916110 

5.919659 

0.003S49 

3 

20.000000 

11.847500 

11.S426B6 

-0.004814 

4 

30.000000 

17.769200 

17.765712 

-0.002468 

5 

40.000000 

23.696500 

23.6B9739 

-0.007761 

6 

50.000000 

29.614100 

29.611765 

-0.002335 

7 

40.000000 

23.684300 

23.6BR739 

0.004439 

8 

30.000000 

17.759000 

17.765712 

0.006712 

9 

20.000000 

11.836800 

11.8426R6 

0.005686 

10 

10.000000 

5.913060 

5.91 9659 

0.006599 

11 

0.000000 

0.001526 

-0.003367 

-0.004694 


RNS Oevittionj 0.00157064 »V 


n 

- A. 28 - 


mV ) 


mV 1 



THIRD CYCLE 


Cocf f ieianta 

CCl) 

C(07t 5.919047RE- 

01 -7.1555548C- 

04 

Point 

lb 


Caleulated mV 

Deviation 

1 

0,000000 

0.001526 

•0.000716 

-0.002242 

2 

10.000000 

5,917640 

5.918332 

0,000692 

3 

20,000000 

11,833700 

11.837380 

. 0.00)680 

4 

30,000000 

17.763600 

17.75642B 

•0.007172 

5 

40.000000 

23.672100 

23.675475 

0.003375 

6 

so, 000000 

29,592700 

29.594523 

0,001823 

7 

40,000000 

23.676700 

23.675475 

•0,001225 

8 

30,000000 

17.760500 

17.756428 

-0.004072 

9 

20,000000 

11,836800 

11.837380 

0,000580 

10 

10,000000 

5,911530 

5,918332 

0,006802 

n 

0,000000 

0,001526 

•0,000716 

•0,002242 

PMS Oeviotiont 0. 

00113153 MV 




fOURTH CYCLE 


Cotfficitntt CCl).....C{01l 5.9190556E-01 -7. t 329742E-04 


Point 

lb 

mV 

Calculated mV 

Oavlati on 

1 

0.000000 

0.001526 

-0.000713 

-0,002240 

2 

10.000000 

5,914580 

5.918342 

0.003762 

3 

20.000000 

11.839900 

11.837J9B 

-0,002502 

4 

30,000000 

17.762100 

17.756453 

•0.005647 

5 

40.000000 

23,682800 

23.675509 

•0.007291 

6 

50.000000 

29.588200 

29.504564 

0. 006364 

7 

40.000000 

23.678200 

23.675509 

-0.002691 

8 

30,000000 

17.752900 

17.756453 

0.003553 

9 

20,000000 

11,830700 

11,837398 

0.00669R 

10 

10,000000 

5,916110 

5.918342 

0.002232 

11 

0,000000 

0,001526 

•0.000713 

-0.002240 


RMS Oeviationt 0.00136S79 nV 



table: 6 

GENISCO LOAD CELL 
MOD A4U»50 
S/H 2229 

EXCITATI0N»9,98 VDC 
date: 5/14/84 
TIME: 10:42150 
TEMpt 130 F 
BAROt 14.73 PSI 

HYDROSTATIC BEARIMC CALTBRATIDM 


FIRST CYCLE 


Coefficient* CCn#..*.C(0) t S.O570843E-O1 •4.7253399E«02 


Point 

lb 

ev 

Calculated mV 

Deviation 

1 

3. 480000 

2.055890 

2.060090 

0.005000 

2 

13.480000 

8.105960 

8.118775 

0.012815 

3 

23.480000 

14.172800 

14.176659 

0.003859 

4 

33.490000 

20.236600 

20.214543 

-0.002057 

5 

43.480000 

26.297400 

26.292427 

-0.004973 

6 

S3. 480000 

32.342900 

32.350312 

.0,007412 

7 

43.480000 

26.298900 

26.292427 

-0,006473 

8 

33.490000 

20.236600 

20.234543 

-0.002057 

9 

23.480000 

14.174400 

14.176659 

0.002259 

10 

13.480000 

8.122760 

8.1 1 R775 

-0.003985 

11 

3.480000 

2.072690 

2.060890 

-0.011800 


RMS Deviation: 0.00202125 eV 


SECOND CYCLE 


Coefficients CCD*,., .CCO) t 6.0554770E-01 •4.274471 7E-0 2 


Point 

lb 

mV 

Calculated mV 

Deviation 

1 

3.480000 

2.072690 

2.064561 

•0.008129 

2 

13.480000 

8.105960 

8.120030 

0.014078 

3 

23.480000 

14.172800 

14.175515 

0.002715 

4 

33.480000 

20.230500 

20.230992 

0.000492 

5 

43.48OC00 

26.288200 

26.286469 

•0.001731 

6 

53.480000 

32.341400 

32.341946 

0.000546 

7 

43.480000 

26.288200 

26.286469 

•0.001731 

8 

33.480000 

20.232100 

20.230992 

•0.001108 

9 

23.480000 

14.175900 

14.175515 

•0.000385 

10 

13.480000 

8.125820 

6.12003P 

•0.0057B2 

n 

3.480000 

2.063530 

2.064561 

0.001031 


RMS Deviation: o. 00161103 wv 


THIRD CYCLE 


CoctHeienti 

1 C(l),..., 

>C(0>| 6.0S6589ee 

•01 •4.4970995E* 

02 

Point 

lb 

nV 

CslculAted mV 

Otviation 

1 

3.480000 

2.063530 

2.062722 

•0.000808 

2 

U. 480000 

8.107490 

8.119312 

0.011822 

3 

23.480000 

14.163700 

14.175902 

0.012202 

4 

33.480000 

20.229000 

20.232492 

0.003492 

5 

43.480000 

26.298900 

26.289081 

•0.009819 

6 

S3. 480000 

32.339800 

32.345671 

0.005871 

7 

43.480000 

26.286700 

26.289081 

0.002381 

8 

33.480000 

20.23S100 

20.232492 

•0.002608 

9 

23.480000 

14.189600 

14.175902 

•0.013698 

10 

13.480000 

8.130400 

8.119312 

•0.011088 

11 

3.480000 

2.060470 

2.062722 

0.002252 


RH8 Deviation: 0, 00250701 Itv 



mV 1 


A. 31 



1 


TAStiC 7 

GENISCO liOAO CELL 
XQD A4UoS0 
S/N 2229 

EXCITATIQM»9.98 VOC 
DATE! S/14/84 
TI«*Es 13t24t47 
TEMPI 130 r 
BARO: 14.73 P8I 

rbCXURC CALIBRATION 


riRST CYCLE 


Coefficients 

C(l),....C(0>t 

6.0704190S* 

01 •4*.0909195e» 

02 

Point 

Ib 

»v 

Calculated mV 

Deviation 

1 

3.490000 

2.070130 

2.071596 

0.001466 

2 

13.480000 

8.136790 

6.142014 

0.005224 

3 

23.490000 

14.209600 

14.212432 

0.002832 

4 

33.480000 

20.279300 

20.292950 

0.003550 

5 

43.480000 

26.349000 

26.353268 

0.004268 

6 

53.480000 

32.420200 

32.423686 

0.003486 

7 

43.480000 

26.359700 

26.353268 

-0.006432 

8 

33.490000 

20.291500 

20.282850 

-0.006650 

9 

23.480000 

14.215700 

14.21243? 

-0.003268 

10 

13.480000 

8.139850 

8.147014 

0.002164 

11 

3.480000 

2.076240 

2,071596 

-0.004644 


RMS Deviation: 0.00138931 mV 


SECOND CYCLE 


Coefficients C(l) C(07: 6.068094SE-01 -3. 3S46246E-02 


Point 

lb 

mV 

Calculated mV 

Deviation 

1 

3.480000 

2.076240 

2.077851 

0.001611 

2 

13.480000 

8.142900 

8.145945 

0.003045 

3 

23.480000 

14.217200 

14.214040 

-0.003160 

4 

33.480000 

30.296100 

20.282134 

•0.013966 

5 

43.480000 

26.347500 

26.350229 

0.002729 

6 

S3. 480000 

32.409500 

32.418323 

0.008833 

7 

43.480000 

36.349000 

26.350229 

0.001229 

8 

33.480000 

20.283900 

20.282134 

-0.001766 

9 

33.480000 

14.220300 

14.214040 

-0.006260 

10 

13.480000 

8.142900 

8.145945 

0.003045 

11 

3.480000 

2.073180 

2.077951 

0.004671 


RMS Deviation: 0.0017AS37 mV 




mV 1 


«V 1 


A. 32 



THIRD CYCLE 


Cottf ieienti 

CCD 

C(0>» 6.0707631E- 

01 -4.0987966E- 

02 

Point 

lb 

iwV 

Caleulat.d .v 

O.vt.tien 

1 

3.480000 

2.073180 

2.071638 

-0.001542 

2 

U. 480000 

S.1398S0 

8.142401 

0.002551 

3 

23.480000 

14.211100 

14.213164 

0.002064 

4 

33.480000 

20.283900 

20.283927 

0.000027 

5 

43.480000 

26.353600 

26.354690 

0.001090 

6 

53.480000 

32.424800 

32.425453 

0.000653 

7 

43.480000 

26.356600 

26.354690 

-0.001910 

e 

33.480000 

20.288400 

20.283927 

•0.004473 

9 

23.480000 

14.211100 

14.213164 

0.002064 

10 

13.480000 

8.139850 

8.142401 

0.002551 

11 

3.480000 

2.074710 

2.071638 

-0.003072 

RMS Dtviationi 0« 

00069604 mV 







TABLE 7.1 
GENISCO LOAD CELL 
MOO AwU*S0 
GAUGEt A/#2229 
eXCITATIOM»9,98 VOC 
DATEI 5/17/84 
TI*«et 13t39t43 
TEMPI 130 E 
BAROt 14.76 PSI 

MECHANICAL INTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 

PIRST 6 SECOND CYCLE 


Coefficients C(1).....C(01| 6.0118300E«01 8.1366862E»02 


Point 

Xb 

mV 

Caleulmtod mv 

Daylation 

1 

3«290000 

1.982320 

2.059259 

0.076939 

2 

8.290000 

5.022910 

5.065174 

0.042264 

3 

13.290000 

8.052820 

9.071089 

0.010269 

4 

18.290000 

11.087300 

11.077004 

-0.010296 

5 

23.290000 

14.129400 

14.082919 

-0.046481 

6 

28.290000 

17.154700 

17.088834 

*0.065866 

7 

33.290000 

20.152600 

20.094749 

-0.057851 

8 

38.290000 

23.139800 

23.100664 

-0.039136 

9 

43.290000 

26.102600 

26.106579 

0.003979 

10 

48.290000 

29.047200 

29.112494 

0.065294 

11 

53.290000 

31.965800 

32.119409 

0.152609 

12 

48.290000 

29.057800 

29.112494 

0.054694 

13 

43.290000 

26.113300 

26.106579 

-0.006721 

14 

38.290000 

23.152000 

23.100664 

-0.051336 

IS 

33.290000 

20.166300 

20.094749 

-0.071551 

16 

28.290000 

17.163900 

17.088834 

-0.075066 

17 

23.290000 

14.135500 

14.082919 

•0.052581 

18 

18.290000 

11.090400 

11.077004 

-0.013396 

19 

13.290000 

8.054340 

8.071089 

0.016749 

20 

8.290000 

5.025960 

5.065174 

0.039214 

21 

3.290000 

1.983850 

2.059259 

0^075409 

22 

13.290000 

8.057390 

8.071069 

0^013699 

23 

23.290000 

14.130900 

14.082919 

•0.047981 

24 

33.290000 

20.164800 

20.094749 

•0.070051 

25 

43.290000 

26.122500 

26.106579 

•0.015921 

26 

53.290000 

31.981000 

32.118409 

0.137409 

27 

43.290000 

26.125500 

26.106579 

-0.018921 

28 

33.290000 

20.169400 

20.094749 

-0.074651 

29 

23.290000 

14.141600 

14.082919 

-0.058681 

30 

13.290000 

8.061970 

8.071089 

0.009119 

31 

3.290000 

1.988420 

2.059259 

0.070839 


RMS Devistiont 0.01093R01 «V 



A, 34 


mV 1 





TABLE 1.2 
GENISCO LOAD CELL 
MOO Ak<U« 50 
GADGEt A/12329 
EXCITATI0M«9.98 VDC 
DATEl 5/17/84 
TIMEt nt39t43 

TEMP! 130 F 
BAROl 14,76 PSI 

MSCHAMICAL TNTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 


FIRST CYCLE 


CoBfiicientS CCD*. .*.0(01: 6,012951 8E-01 7.5701269E-02 


Point 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
19 

19 

20 
21 


lb 

3.290000 

8.290000 

13.290000 

18.290000 

23.290000 
2B. 290000 

33.290000 

38.290000 

43.290000 

49.290000 

53.290000 

49.290000 

43.290000 

38.290000 

33.290000 

29.290000 

23.290000 

18.290000 

13.290000 

8.290000 

3.290000 


nV 

1.982320 

5,022910 

9.052820 

11,087300 

14.129400 

17.154700 

20,152600 

23,139800 

26.102600 

29.047200 

31.965800 

29.057800 

26,113300 

23.152000 

20.166300 

17.163900 

14.135500 

11.090400 

8,054340 

5.025960 

1,983850 


RMS Deviations 0,01293286 «V 


Calculated mV 
2.053962 
5,060439 

8.066914 
11.073390 
14.079866 
17.086342 
20,092018 
23.099294 
26.105770 

29.112245 
32.118721 

29.112245 
26.105770 
23.099294 
20.092818 
17.086342 
14.079866 
11.073390 

8.066914 
5.060438 
2.053962 


Deviation 
0.071642 
0,037528 
0,014094 
•0.013910 
•0.049534 
•0.068358 
•0.059792 
•0.040506 
0.003170 
0.065045 
0.152921 
0.054445 
•0.007530 
•0.052706 
•0.073402 
?0. 077558 
-0.055634 
-0.017010 
0.012574 
0.034470 
0,070112 


O 


mv 1 


A, 35 



TA9L8 7.3 
6ESISCQ LOAD CELL 
NOD AMU-SO 
GAUSEt A/S2229 
EXCITATION*#. 98 VOC 
DATE* 5/17/84 
TI“E: 14t0ll43 
TEKPJ 130 F 
BAROI 14.76 PSl 

MECHANICAL INTERACTIONS - BARE FRAME 
PRIMART GAUGE OUTPUT 


SECOND CYCLE 

Coefficient* CCD C(0)i 6.016194SE-01 6.8168929E*02 


Point 

lb 

mV 

Cftleulattd mV 

Deviation 

1 

3.290000 

1.9838S0 

2.047497 

0.063647 

2 

13.290000 

8.057390 

8.063691 

0.006301 

3 

23.290000 

14.110900 

14.079886 

-0.051014 

4 

33.290000 

20.164800 

20.096081 

-0.068719 

5 

43.290000 

26.122500 

26.117275 

-0.010225 

6 

53.290000 

31.981000 

32.128470 

0.147470 

7 

43.290000 

26.125500 

26.117775 

-0.013225 

8 

33.290000 

20.169400 

20.096081 

-0.073319 

9 

23.290000 

14.141600 

14.079886 

-0.061714 

10 

13.290000 

8.06J970 

8.063691 

0.001721 

11 

3.290000 

1.9BB420 

2.047497 

0.059077 


RMS Deviation! 0.01952315 mV 


- A - 


mV ) 



T4BLE 7.4 
GCNISCO 0340 CELL 
MOD 44U>53 
GAUSEl NI/42290 
EXCIT4TI3’«*9.90 VOC 
OATEl 5/19/84 
TIME* U:23 j 08 
TEMPt 130 F 
3AR0: 14.80 PSI 

MECHANICAL INTERACTIONS • BARE FRAME 
PRIMARY GAUGE OUTPUT 


FIRST & SECOND CYCLE 

Co#£ticient» C(i)«....C(07l 6.1099894E-01 1.O376490C-O2 


Point 

lb 

mV 

Calculated av 

Deviation 

1 

3.290000 

2.016450 

2.020563 

0.004113 

2 

8.290000 

5.071620 

5.075558 

0.003918 

3 

13.290000 

8.126800 

8.130552 

0.003752 

4 

18.290000 

11.180400 

11.185547 

0.005147 

5 

23.290000 

14.234100 

14.240542 

0.006442 

6 

28.290000 

17.289300 

17.295537 

0.006237 

7 

33.290000 

20.344400 

20.350531 

0.006131 

8 

38.290000 

23.402700 

23.405526 

0.002826 

9 

43.290000 

26.457800 

26.460521 

0.002721 

10 

48.290000 

29.514500 

29.515515 

0.001015 

11 

53.290000 

32.566700 

32.570510 

0.003810 

12 

48.290000 

29.519100 

29.515515 

-0.003585 

13 

43.290000 

26.465500 

26.460521 

-0.004979 

14 

38.290000 

23.413300 

23.405526 

-0.007774 

15 

33.290000 

20.356600 

20.350531 

-0.006069 

16 

28.290000 

17.301500 

17.295537 

-0.005963 

17 

23.290000 

14.244800 

14.240542 

-0.00425H 

18 

18.290000 

11.188100 

11.185547 

-0.002553 

19 

13.290000 

8.131370 

9.130552 

-0.000B18 

20 

8.290000 

5.079250 

5.075558 

-0.003692 

21 

3.290000 

2.025600 

2.020563 

-0.005037 

22 

13.290000 

3.126800 

8.130552 

0.003752 

23 

23.290000 

14.234100 

14.240542 

0.006442 

24 

33.290000 

20.349000 

20.350531 

0.001531 

25 

43.290000 

26.459400 

26.460521 

0.001121 

26 

53.290000 

32.566700 

32.570510 

0.003810 

27 

43.290000 

26.463900 

26.460521 

-0.003379 

28 

33.290000 

20.355100 

20.350531 

-0.004569 

29 

23.290000 

14.244800 

14.240542 

-0.004258 

30 

13.290000 

9.132900 

8.130552 

-0.002348 

31 

3,290000 

2.024070 

2.020563 

-0.003507 


RMS Devlatloni 0.00078926 nV 




«V 5 


A, 37 





TABLE 7.5 
GENISCO (iOAO CELL 
HOD AVU-50 
GAUGES Nt/12330 
CXCir*II3M»9,98 VOC 
DATES 5/18/84 
TIMES 11S23S08 
TEMPS 130 F 
BAROs 14.80 PSI 

MECHANICAL INTERACTIONS • BARE FRAME 
PRIMARY GAUGE OUTPUT 


FIRST CYCLE 


Coefficients 

CC1)#««*< 

rCCO) t 6*U0t962i:» 

01 9.7492025C 

•03 

Point 

lb 

mV 

Calculated mV 

Otviation 

1 

3*290000 

2*016450 

2*020004 

0.003554 

2 

8*290000 

5,071620 

5.075102 

0.003482 

3 

13.290000 

9.126800 

8*130200 

0.003400 

4 

19*290000 

11.180400 

11*185298 

0.004898 

5 

23*290000 

14.234100 

14.240396 

0.006296 

6 

28*290000 

17.289300 

17.295494 

0.006194 

7 

33.290000 

20.344400 

20.350592 

0.006192 

8 

38*290000 

23.402700 

23.405691 

0.002991 

9 

43*290000 

26.457800 

26.460789 

0.002989 

to 

48*290000 

29.514500 

29.515887 

0.001387 

11 

53.290000 

32.566700 

32.570985 

0.004285 

12 

49.290000 

29*519100 

29.515887 

-0.003213 

13 

43*290000 

26.465500 

26.460789 

-0.004711 

14 

38.290000 

23.413300 

23.405691 

-0.007609 

15 

33.290000 

20.356600 

20.350592 

•0,006008 

16 

28.290000 

17.301500 

17.295494 

•0.006006 

17 

23,290000 

14.244800 

14.240396 

-0.004404 

18 

18.290000 

11.189100 

11.185298 

-0.002802 

19 

13.290000 

9.131370 

8.130200 

-0.001170 

20 

8*290000 

5.079250 

5.075102 

-0.004148 

21 

3.290000 

2*025600 

2.020004 

-0.005596 

RMS Deviations 0 

*00101524 aV 






nV ) 


A. 38 





TABLE 7,6 


GENISCO LOAD CELL 
MOO AMU-50 
OAUGEt Nt/12230 
BXCITATION«^>.B0 VOC 
DATEt 5/19/84 
TIME* 1U36U0 
TEMP* 130 F 
BAftOt 14.80 P8I 

MBCKANICAL IMTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 

SECOND CYCLE 

CoefMcientS C( 1) » . , . .CtOl t 6,10P2331E-01 1 .2929902E-02 

Otviation. 
-0,002732 
0.005301 
0.007234 
0.001567 
0.000400 
0.002333 
-0.004100 
-0.004S33 
-0.003466 
-0.000799 
- 0.001202 


Point 

lb 

«V 

Calculated 

1 

3.290000 

2.025600 

2.022868 

2 

13.290000 

8.126600 

8.132101 

3 

23.290000 

14.234100 

14.241334 

4 

33.290000 

20.349000 

20.350567 

5 

43.290000 

26.459400 

26.459800 

6 

53.290000 

32.566700 

32.569033 

7 

43.290000 

26.463900 

26.459800 

8 

33.290000 

20.355100 

20.350567 

9 

23.290000 

14.244800 

14.241334 

10 

13.290000 

8.132900 

8.132101 

11 

3.290000 

2.024070 

2.022868 


mV 


RMS Oevlatlont 


0.00110374 


mV 



T»8LE 7.7 
GENISCQ L3A0 CELL 
■>•00 AWU -50 
GAUCet H7/$227B 
BXCITATI0N*9.98 VDC 
DATEt 5/17/84 
TIHB: 15*05136 
TEMP* 130 F 
SAROt 14.76 PSI 

"MECHANICAL INTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 


FIRST 6 SECOND CYCLE 


Coaf tielants 

cen 0 ( 0)1 

6.0366124E 

•01 2.8193976E- 

02 

Point 

lb 

ilV 

Calculated .V 

Deviation 

1 

3,290000 

1.995040 

2.014239 

0.019199 

2 

8,290000 

5.024210 

5.032546 

0.008336 

3 

13,290000 

8.048800 

8.050852 

0.002052 

4 

18.290000 

11.071900 

11.0691S8 

-0.002742 

5 

23,290000 

14.096500 

14.087464 

-0.009036 

6 

28.290000 

17.116500 

17.105770 

-0.010730 

7 

33.290000 

20.135000 

20.124077 

rO. 010923 

8 

38.290000 

23.151900 

23.142383 

-0.009517 

9 

43.290000 

26.162800 

26.160689 

-o.ooaiii 

10 

48.290000 

29.169100 

29.178995 

0.009896 

11 

53.290000 

32.181500 

32.197301 

0.015601 

13 

43.290000 

29.170600 

29.178995 

0,009395 

13 

43.290000 

26.159700 

26.160689 

0.000989 

14 

38.290000 

23.151900 

23,142383 

-0.009517 

15 

33.290000 

20.138000 

20,124077 

-0.013923 

16 

29.290000 

17.122600 

17.105770 

-0.016830 

17 

23.290000 

14.102600 

14.087464 

-0,015136 

18 

13,290000 

11.078000 

11.069158 

-0.008842 

19 

13.290000 

8.051850 

8.050852 

-0.000998 

20 

6.290000 

5.028790 

5.032546 

0.003756 

21 

3.290000 

1.998090 

2.014239 

0.016149 

22 

13.290000 

8.050330 

8,050852 

0.000522 

23 

23.290000 

14.096500 

14.087464 

•0,009036 

24 

33.290000 

20.133400 

20.124077 

-0.009323 

25 

43.290000 

26.150600 

26.160689 

0.010089 

26 

53.290000 

32.173800 

32.197301 

0.023501 

27 

43,290000 

26.152100 

26.160689 

0.008569 

28 

33.290000 

20.130400 

20.124077 

-0.006323 

29 

23,290000 

14.094900 

14.087464 

-0.007436 

30 

13.290000 

8.051850 

8.050852 

•0.000998 

31 

3.290000 

1.998090 

2.014239 

0.016149 


RMS Deviation* 


0.00195811 nV 



n 


TABLE 7.8 
GCNISCO LOAD CELL 
HOD AHU-50 
GAUGEt N2/I2228 
EXCITAT10MH9.98 VDC 
DATE* 5/17/84 
TIHBt 15805:36 
TCHP: 130 r 
SAROt 14.7$ PSI 

HECHAHICAL INTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 


FIRST CYCLE 

C09<fielents C(l).....C(0)t 6.037$5$4E-Ot 2.6590057e»02 


Point 

lb 

mV 

Caleulatmd mv 

Deviation 

1 

3.290000 

1.995040 

2.012979 

0.017939 

2 

8.290000 

5.024210 

5.031807 

0.007597 

i 

13.290000 

9.048800 

8.050635 

0.001835 

4 

18.290000 

11.071900 

11.069464 

•0.002436 

S 

23.290000 

14.096500 

14.088292 

•0.008208 

6 

28.290000 

17.116500 

17.107120 

•0.009380 

7 

33.290000 

20.135000 

20.125948 

•0.009052 

6 

38.290000 

23.151900 

23.144776 

•0.007124 

9 

43.290000 

26.162800 

26.163605 

0.000805 

10 

48.290000 

29.169100 

29.182433 

0.013333 

n 

53.290000 

32.181500 

32.201261 

0.019761 

12 

43.290000 

29.170600 

29.182433 

0,011933 

13 

43,290000 

26.159700 

26.163605. 

0.003905 

14 

38.290000 

23.151900 

23.144776 

-0,007124 

15 

33.290000 

20.138000 

20.125948 

•0.012052 

16 

28.290000 

17.122600 

17.107120 

•0.015480 

17 

23,290000 

14.102600 

14.088292 

•0.014308 

18 

18,290000 

11.078000 

11.069464 

-0.008536 

19 

13.290000 

9.051850 

8.050635 

•0.001215 

20 

9.290000 

5.028790 

5.031807 

0.003017 

21 

3.290000 

1.998090 

2.012979 

0.014889 


RMS Devlatloni 0.00230671 «V 




»V ) 


A.ai 



n 


T^BtiE 7.9 
GEHISC3 tiOAO CELL 
(•00 4KIIJ-S0 
GAUGE! N2/I2228 
EXCITAT10N»9.98 VOC 
DATE! 5/17/84 
TISE! I5l2l!05 
TE*<P! 130 F 
BARO! 14.76 PSl 

MECHANICAL INTERACTIONS - BARE FRAME 
PRIMARY GAUGE OUTPUT 


SECOND CYCLE 

CottsieientI C(n.....C(Q7i 6.0360209E>01 2.592S252E«02 


Point 

Xb 

mV 

Calculat4<3 mV 

Deviation 

i 

3.290000 

1.998090 

2.011776 

0.0136SB 

2 

13.290000 

8.050330 

8.047797 

-0.002533 

3 

23*290000 

14.095500 

14*083818 

-0.0X2682 

4 

33*290000 

20*133400 

20.119839 

-0.013561 

$ 

43*290000 

26.150600 

26.155860 

0. 005260 

6 

53.290000 

32.173800 

32.191881 

0.018081 

7 

43.290000 

26.152100 

26.155860 

0.003760 

8 

33.290000' 

20.130400 

20.119839 

•0.010561 

9 

23.290000 

14.094900 

14.083818 

-0.011082 

10 

13.290000 

8.051850 

8.047797 

-0.004053 

11 

3.290000 

1.998090 

2.011776 

0.013686 


f ) RMS Deviation: 0.00333435 eV 




■ V 1 


A,U2 



r', 


TkBLC B.l 
SENISCO L3«0 CELL 
*•00 »KU-50 
GAUGEt A/12229 
£XCITATI0N«9,98 VDC 
OATEl 5/21/04 
TI«EI 13tl2t39 
TE-Pl 130 r 
BASOt 14,71 PSI 

MECHANICAL INTERACTIONS - INSTPOMENTATION MIRING INSTALLED 
PRINART GAUGE OUTPUT 

riRST CYCLE 


Coef<ici#nt» C(1),...,C(0)| B.0S94461E«01 *1 . 1 972615E-02 


Point 

lb 


Calculated mv 

Deviation 

1 


3.290000 

1.974620 

1.981585 

0.006765 

2 


13.290000 

8.041210 

8.041031 

•0.000179 

3 


23.290000 

14.098400 

14.100477 

0.002077 

4 


33.290000 

20.163300 

20.159974 

-0.003376 

5 


43.290000 

26.217600 

26.219370 

0.001670 

6 


$3.290000 

32.271700 

32.278816 

0. 007116 

7 


43,290000 

26.220500 

26.219370 

-0.001130 

8 


33.290000 

20.166400 

20.159924 

•0.006476 

9 


23.290000 

14.106100 

14.100477 

-0.005623 

10 


13.290000 

8.042740 

8.041031 

•0.001709 

11 


3.290000 

1.960920 

1.981565 

0.000665 

RMS 

Deviation} 0 . 

00126571 fRV 




SECOND CYCLE 


CoefiicientB C(l) C(0)i 6.0593294E-01 -8 . 6288045E-O3 


Point 

lb 

bV 

Calculated nv 

Deviation 

1 

3.290000 

1.980920 

1.984890 

0.003970 

2 

13.290000 

8.042740 

8.044220 

0.001480 

3 

23.290000 

14.103000 

14.103549 

0.000549 

4 

33.290000 

20.166400 

20.162879 

-0,003521 

$ 

43.290000 

26.220500 

26.222206 

0.001708 

6 

53.290000 

32.276200 

32.281537 

0.005337 

7 

43.290000 

26.223600 

26.222208 

•0.001392 

8 

33.290000 

20.164800 

20.162679 

•0.001921 

9 

23.290000 

14.109100 

14.103549 

-0.005551 

10 

13.290000 

8.047320 

8.044220 

•0,003100 

11 

3.290000 

1.982450 

1.984890 

0.002440 


RMS Deviation} 0.00097093 »v 



mV ) 


• V ) 





TftPl.C «.2 
GCNISrO. 1 . 3 A 0 CrtiL 
MOD AMU-SO 
GAUGEt Ml/#2230 
EXCITATT 0 N* 9,98 VOr 
OATKf 5 / 21 /M 4 
TIME! 12 t 08 tl 7 
TEMPS no r 
»AROf 14.71 PSI 

MECHAMICACi INTCRACTIOMR • INSTPUMEWTATION MTRTNS TNSTALtiED 
PRIMARY GAUGE OUTPUT 


FIRST CYCLE 

CoPfHclMDtS C(n../..CC01t 6.113021PE-01 71raSR22RE«03 


PolDt 

lb 

mV 

CalcuImffM mV 

OAviatlon 

1 

3.290000 

2^01S470 

2].010021 

0,003551 

7 

13.290000 

8.130S4C 

8^132043 

0,001503 

3 

23.290000 

14.242600 

14.245065 

0,00246$ 

4 

33.290000 

20.354600 

20. 15R0R7 

0.003407 

5 

43.290000 

26.466600 

26j.471 100 

0,004509 

6 

53.290000 

32.581700 

32.5R4131 

.0,002431 

7 

43.290000 

26.475700 

26^471109 

rO, 004591 

8 

33.290000 

20.363700 

20.35R0R7 

•0,00561 3 

9 

23.290000 

14.248700 

14^245065 

•0,003635 

to 

13.290000 

9.136650 

8^132043 

•0,004607 

11 

3.290000 

2.018520 

2.019021 

0.000501 

RMS Daviationt 0. 

0011007R mV 




8EC0M0 CYCLE 


Coeff Icientf Cm .. . . .C (01 i 6.11i9785E»01 \\ 1 fi4Q71 3F»0 2 


Point 

lb 

mV 

CalputmteM mV 

Bavlation 

1 

3.290000 

2.018520 

2ia027491 

0i.OO3971, 

3 

13.290000 

8.135120 

8.134469 

•0,000651 

3 

23.290000 

14.244100 

14.246448 

0.002340 

4 

33.290000 

20.356100 

20.358426 

0,002336 

5 

43.290000 

26.468100 

26.470405 

0,00230$ 

6 

53.290000 

32.577100 

32.5823R3 

0,005203 

7 

43.290000 

26.475700 

26.470405 

-0,005295 

8 

33.290000 

20.365200 

20^358426 

-0,006774 

9 

23.290000 

14.248700 

14^246448 

rO. 002252 

10 

13.290000 

8.135120 

8.134469 

•0,000651 

11 

3.290000 

2.023100 

2.022491 

•0.000609 


RMS Dpviatlon* 0.00107615 fflV 


mV > 


mV 1 



TtBtiE 9.3 
GENTSC3 C0»0 CELL 
»»03 9W0-50 
(7kUSEt N2/t22?8 
SXCI]PAT10*la9.9e VPC 
0*TEt 5/21/94 
TI*fEl 12l30;21 
tempi 130 r 
P4R0I 14.71 PSl 

MBCHANICAO IMTERACTI015 - IMSTPOREITATION WIRING INSTAT.LPO 
PRIMART GAUGE OUTPUT 


FIRST CYCLE 


eoe«<ielentS CCl) CCOl't 6.06iet99C«01 - 2 '. 31 A5A9Rr.03 


Point 

lb 

mV 

CaleulAt#H mV 

Oaylmt Ion 

1 

3.390000 

U990960 

1^902020 

0^001060 

7 

13.290000 

8.052400 

8^093839 

.0^001439 

a 

23.290000 

14.119900 

14..115658 

•0^004242 

4 

33.290000 

20.184400 

20.177476 

•0^006924 

s 

43.290000 

26.239700 

26.239296 

•0.000406 

4 

53.290000 

32.796600 

32^301114 

0;»004514 

7 

43.290000 

26.236700 

26.230296 

0.002596 

8 

33.290000 

20.178300 

20„177476 

-0.000824 

9 

23.290000 

14.tl6900 

14.116668 

•0,001242 

xo 

13.290000 

ft. 052400 

8.0638^0 

0^001439 

11 

3.290000 

1.989430 

1.992020 

0.002690 


RMS Deviation 0.00094214 mV 


SECOND CYCLE 

CoRtCieiantS crn CCOlt 6.06082B0e«0t •5'.7024120E-Q3 


Point 

lb 

mV 

Calculmtmrl mV 

D.yletlon 

1 

3.290000 

1.989430 

1.988310 

-0,001120 

2 

13.290000 

8.046290 

8.0491 38 

0,009R4fl 

3 

23.290000 

14.112300 

14.109966 

•0,009334 

4 

33.290000 

20.173700 

20.170794 

•0,009005 

5 

43.290000 

26.233600 

26.231622 

-0,001 97R 

6 

53.290000 

32.285900 

32.292460 

0,006550 

7 

43.290000 

26.232100 

26.231622 

•0,00047« 

8 

33.290000 

20.175300 

20.170794 

-0,004506 

9 

23,290000 

14.109300 

14.109966 

0,000666 

10 

13.290000 

8.049340 

8.0491 38 

-0,000909 

11 

3.290000 

1.984850 

1.988310 

0.003460 

RMS DCviatioDi 0. 

00092290 mV 




9.t 

GKNUeO UO»D CELL 
MOO AMU«S0 
SAUCEt A/t3329 
EXCITATT3M*9.98 VDC 
DATEJ 5/33/84 
TIMEl 08J09J13 
TEMPJ 130 E 
BAROt 14.73 PSl 

MRCHAMICAL interactions 
AIR LINES & instrumentation MIRING INSTALLED 
PRIMARY GAUGE OUTPUT 


EIRST CYCLE 


Co*<Hei«ntf C(n.,...C(01l S.0493623E-01 -l'. 9379840E-03 


Point 

lb 

mV 

C?6lpulAt#c) HV 

Ooylat 1 on 

1 

3.290000 

1.964680 

1.970860 

o.ooeino 

2 

13.290000 

8,012920 

8.020273 

0,007303 

3 

23.390000 

14.067300 

14.060585 

0.002385 

4 

33.290000 

20.121600 

20.118047 

•0.002653 

5 

43.290000 

26.166800 

26.168109 

0,001500 

6 

53.290000 

32.208900 

32.217672 

0.008777 

7 

43,290000 

26.172900 

26.168300 

-0,004591 

8 

33.2900^0 

20.124600 

20.1 1 8047 

-0.005653 

9 

23.290000 

14.077900 

14.060585 

-0.008315 

10 

13.290000 

8,022080 

R. 020221 

-0,001 RS7 

11 

3.290000 

1.973840 

1.970860 

-0.002980 


RMS Deviation: 0.001M9R7 mV 


SECOND CYCLE 


Co6f f ielants 

C(l> C(01* 

6.0482S41E- 

01 •1.1230447C^ 

02 

Point 

lb 

my 

Calculatart 

Deviation 

1 

3.290000 

1.973840 

1.978645 

0.004805 

3 

13.290000 

8.020550 

8,026899 

0.006349 

3 

23.290000 

14.076400 

14.075153 

-0^001247 

4 

33.290000 

20.124600 

20.123408 

•0,001197 

5 

43.290000 

26.169800 

26.171662 

0^001862 

6 

53.290000 

32.215000 

32.219916 

0.004916 

7 

43.290000 

26.172900 

26.171662 

•0,001238 

8 

33.290000 

20.129200 

20.173408 

•0.00579? 

9 

23.290000 

14.079500 

14.075153 

-0^004347 

10 

13.290000 

8.028180 

8^.026899 

•0^001281 

11 

3.290000 

1.981480 

1.978645 

•0.002835 


RMS OeviatlODI 0.00114150 mV 



r»9te 9.2 

GrNTsro 1.0*0 cell 

MOO *MU«SO 
SAUCEt Nl/*2230 
EXCIT»T10 Mm 9.98 VOC 
OATEl S/22/84 
TIME! O9I0U30 

TKMOl no r 

BAROt 14.73 PSI 

MBCBAMfCAL INTERACTIONS 
AIR OINES 6 INSTRUMENTATION MIRING IMSTALtED 
PRIMAPY GAUGE OUTPUT 


riRST CYCLE 


C04«HcientS cm CtOIt 6,I0S7643E-01 l'.77S0t41E-02 


Point 

lb 

»v 

Caleulatart mV 

Oavlatlon 

1 

3.290000 

2.017420 

2.02*547 

0,009127 

7 

13.290000 

8.132200 

8.13231 1 

0,0001 1 i 

3 

23.290000 

14.237800 

14.238075 

0,000275 

4 

33,290000 

20.346500 

20.343R39 

-0.002661 

5 

43.290000 

25.447600 

26.449*04 

0. 002004 

$ 

53.290000 

32.547100 

32.55*53*R 

, 0.0082SR 

7 

43.290000 

25.450600 

26.449*04 

-0,00099* 

8 

33.290000 

20.351100 

20.343R39 

-0.007261 

9 

23.290000 

14.245500 

14.23807S 

-0.007426 

10 

13.290000 

8.133730 

R. 139311 

-0,001419 

It 

3.290000 

2.025570 

2.096*47 

-0.00002R 


RMS Oeviatlorij o,ooiso^95 inv 


SBCOMO CYCLE 

Cotf ficiants C(l),..*,C(nf 6. t024040C»01 2. 144?»04F;»0:^ 


Point 

lb 

MV 

Calpulat#<l mV 

O.ylatlo* 

1 

3.290000 

2.026570 

2.031134 

0.00456* 

2 

13.290000 

8,133730 

8. t 3353P 

-0.000199 

3 

23.290000 

14.236300 

14.235942 

-0.00035R 

4 

33.290000 

20.338900 

20.318345 

-0.000SS4 

5 

43.290000 

26.436900 

26.440750 

0.003850 

6 

53.290000 

32.537900 

32.543154 

.0.005954 

7 

43.290000 

26.444500 

25.440750 

•0.001750 

8 

33.290000 

20.343500 

20.338345 

•0,005154 

9 

23.299000 

14.239400 

14.235942 

-0.00345R 

10 

13.290000 

8.135250 

8.133538 

•0.001717 

1 1 

3.290000 

2.029620 

2.031 1 34 

o.ooisi* 


RMS Davlatlonj 


0.001 0022t mV 



9.3 

GF.NIsrn uoko CELL 
MOO 

GAUGci N2/t2229 
EXCIT4TION.9.98 VOr 
DATE! 5/22/94 
TIHEJ 09i30t48 
rt^Pt 130 F 
BA90I 14.73 PSl 

MCCHAVICAL INTERACTIONS 
AIR LINES & INSTRUNCNTATION WIRING INSTALLRP 
PRINARY GAUGE OUTPUT 


FIRST CYCLE 

CotfficltntS Cn)**...CC 01 t 6.0622868F.01 T. 061 $ 785E^03 


Point 

lb 

mV 

Calculated «V 

O.yl.tion 

1 

3.290000 

1.990380 

1 .905554 

0,005174 


13.290000 

8.057700 

8.057840 

0,00014ft 

3 

23.290000 

14.125000 

14.120127 

-0,004873 

4 

33.290000 

20.184700 

20^182414 

-0, 002284 

5 

43.290000 

26.248900 

26.244701 

-0.004199 

6 

53.290000 

32.101000 

32.306088 

0,005Q8P 

7 

43.290000 

26.242800 

26.244701 

0.001 901 

8 

33.290000 

20.183200 

20.IR2414 

-0,000784 

9 

23.290000 

14.120400 

14.120127 

•0,000273 

10 

1 3.290000 

8.059220 

8.057840 

-0.001 38ft 

11 

3.290000 

1.994960 

1.905554 

0.000594 

RNS Deviation: 0. 

00007829 nV 




SECOND CYCLE 

Coefficients ccn CCOl! 6*0606 307E*01 b'. 71 6332 3 F -05 


Point 

lb 

mV 

Csleui*t**<i i»v 

o*yi •tton 

1 

3.290000 

1.994960 

1,994035 

-0.000925 

2 

13.290000 

8.054640 

8.0544f^5 

0,000025 

3 

23.290000 

14.115800 

14.115295 

-0,000504 

4 

33.290000 

20.177000 

20.175927 

•0,001073 

5 

43.290000 

26.236700 

26,235558 

-0,000142 

6 

53.290000 

32.294900 

32,297188 

0.007288 

7 

43.290000 

26.238300 

26,236558 

-0,001742 

8 

33.290000 

20.175500 

20,175927 

0,000427 

.9 

23.290000 

14.115800 

14.115796 

•0,000504 

io 

13.290000 

8.054640 

8,054665 

0,000025 

11 

3.290000 

1.991910 

1.994035 

0.002125 

RKS Otvlatioot 0. 

00035798 mV 





APPENDIX B 



TABLE t.l 


i 

A 

MECHAMICAL INTERACTIOWB - BABE EBA^E 
rxCITATlON»9*Q8 VOr 
DATE! B/|7/84 
TtMEt |3f39t43 
TEMPI 130 E 
RABOt 14«.76 PSI 
PRIMARY (;AOGEt A/A2229 
8EC0NDRY GAdGEl 

APPLIED GAUGE L0AD(LB3 

Nt N2 A 

GAUGE miTPUTriiiVI 
N1 

, N2 

0*3:^9000E<I'01 

O*OOOQOOEt^0 

O.OOOOOOE+00 

0^19«232Ef0| 

0^427025E»01 

0^106768E-01 

0.B29O00E>()l 

O.OOOOOOE+00 

O.OOOOOOE400 

O..S0229tETOI 

0^150770E»01 

0^915146E-02 

0«132900E4^02 

O.OOOOOOEtOO 

O.OOOOOOR^OO 

n^H0S2«2Et01 

O^3OBO10E»Ot 

0^7626|0E-02 

0. t82900E+02 

0«ODOOOOE>00 

O.ooooooE^no 

0.1 10873Et02 

0;.244014E*01 

0^457R78E-02 

0.232900C^02 

O.OOOOOOEfOO 

O.OOOOOOEtOO 

O^t 41294Ef02 

0^213B12E-0I 

O^OOOOOOEtOO 

0.282900E4'02 

0«OOOOOOE^OO 

O.OOOOOOE^OO 

0,171T47Ef02 

0.18301 IE-01 

-0^152526E-02 

0.332900E>02 

0*OOOOOOEt^O 

O.OOOOOOE^OO 

0^20l524Et02 

0^1177%RE-0l 

-0,R10105E-07 

0^382900e^02 

O^OOOOOOEfOO 

O.OOOOOOE<fOO 

0^231 l98Ef02 

0,.915053R-02 

-0^9151*l7E-02 

0^432900e>02 

O.OOOOOOEfOO 

O.OOOOOOE^OO 

0.261024ET02 

0^61OO36Cr02 

rO^f 72021E-011 

0.48?900e^02 

O.OOOOOOEfOO 

O.OOOOOOEtOO 

0^290472Ef02 

0^1S2B09E-02 

-0^137274E-01 

0*532900E4^02 

0«000000Ef00 

O.OOOOOOE^OO 

O^319898Et02 

•0^457B7RC-02 

-O^I67779E-Ot 

0^4829O0E^0a 

O^OOOOOOEfOO 

O.OOOOOOE400 

0^290S78Ef02 

O^30RO1RErO2 

-0^137274E-01 

0^432900E>02 

O.OOOOOOE^OO 

O.OOOOOOEf 00 

0^261133Et07 

O^30RO1 RE-02 

-0^106768E-0| 

0.382900E4^02 

0.000000000 

O.OOOOOOE400 

0^23M20Et02 

O^R10036C-02 

-0,106768E-01 

0«332900E4^02 

O.OOOOOOEfOO 

O.OOOOOOEfOO 

0^201463Et92 

0^100756E-01 

r0^R10l05C«02 

0.282900Ei^02 

O.OOOOOOE4-00 

O.OOOOOOE^OO 

0,171B39Et02 

0^1 3775RE-01 

-0^3050«i2C-02 

0.2329n0K+02 

O.OOOOOOEtOO 

O.OOOOOOE^OO 

0^14t3SSEf02 

0^147700E«0| 

o^ooooooetoo 

0.182900P+02 

O.OOOOOOEfOO 

O.OOOOOOEfOO 

0.1 10904Ef02 

0^213Bt?EfO1 

n^152576E-02 

0.132900E^02 

O.OOOOOOE+OO 

O.OOOOOOE400 

O^R09434EtO| 

0.1R3011E*Ot 

O^OOOOOOEfOO 

0^8290O0E+0t 

O.OOOOOOEfOO 

O.OOOOOOEfOO 

0.S02198ET01 

0^22P763E-01 

0^305052E-02 

0*329000E^0l 

0*000000E^O0 

O.OOOOOOE4.00 

0.19M8SET01 

0.2R9767E-01 

0.762630E-02 

0.329000E^Ot 

0.000000E4.00 

SECOMD 

O.OOOOOOEf 00 

rvrr.E 

0.19838SCT0I 

0^2R97B7E-01 

0).762630E-07 

0,132900E^02 

o.oooooor^oo 

O.OOOOOOE+00 

0.R05739CT0I 

0.213B12E-01 

0^45757«E-07 

0.232900E^02 

O.OOOOOOE^OO 

0«OOOOOOE4>00 

0^141309Ef02 

0^1Q87A2E-01 

o^ooooooetoo 

0*332900E>02 

O.OOOOOOR+00 

O.OOOOOOE^OO 

0^201 A48ET02 

0^457B27E-07 

-0^762431E-02 

0.432960R+02 

O.OOOOOOE4-00 

O.OOOOOOE^OO 

0^?6l72$Et02 

•0^|57B09E-02 

-0^|2202tE-0l 

0.532900Ef02 

O.OOOOOOK-^00 

O.OOOOOOE3^00 

0. 1I98I0ET02 

r0^762544C-02 

-0^18303IE-0I 

0.432900E>02 

O^OOOOOOEfOO 

0*OOOOOOE^OO 

0^2612SSEt02 

-0..1S7B09E-02 

-0^122021E-OI 

0^332900E^02 

O.OOOOOOE+00 

O.OOOOOOE+00 

0..70i694£T02 

0^91R043E»02 

-0^6t0105E-02 

0.232900E4^02 

O.OOOOOOE+00 

O.OOOOOOEtOO 

0^14141$EfO2 

O^I770()7E-Ol 

-0^152R26E-02 

0.132900E+02 

O.OOOOOOEt^O 

o.onooooE^oo 

O.fl0ftl97ET0l 

0^244014Er0t 

0^BlOt05E-02 

0.329000E^01 

o.oooooor^oo 

O.OOOOOOETOO 

0.198842ET01 

0.274R1RE-01 

0.91S156E-02 


3 



kferHANICAt INTrRACTIOMS - «APK FPAUF. 
C)rCITATIOM» 9*98 Vor 
OATCl 5 / 17 /R 4 
TINEl 

TEMPI 130 r 
BAROI 14.80 P^I 
PRIMARY GAMGEl A/i?729 
SECONDRY (SAUGEI M 1 /A 9230 


I 

oc 

fu 


APpraED GAUGE LOAOrLBl 


A 

0 . 329000 E 4^01 

0 . 132900 E-f 02 

0 . 232900 Et 02 

0 . 332900 E ^02 

0 . 432000 E ^02 

0 . 5329 O 0 E ^02 

0 . 432900 e ^02 

0 ^ 332900 E 4>02 

0 * 232900 E^O *2 

0 . 132900 e >02 

0 . 329000 E >01 


N 1 

O.S 329 O 0 etO 2 

0 .S 3290 OC 402 

0 .B 32900 Ef 02 

0 . 532900 E >02 

0 . 532900 E 402 

0 . 532900 E-f 02 

0 . 532900 E ^02 

0 . 812900 E +02 

0 . 532909 E +02 

0 . 532900 E 402 

0 .S 32900 E +02 


N 2 

O.OOOOOOE +00 

O.OOOOOOE^OO 

O.OOOOOOE^OO 

O.OOOOOOE^OO 

0 « 0 OnoO 0 E 4 ^ 0 O 

O.OOOOOOE 400 

o.oooooor^oo 

o.ooooooe 4 «oo 

0 .O 0000 OE 400 

O.OOOOOOEtOO 

O.OOOOOOE +00 


A 

0^|921R6E>01 
0^797421E^0| 
0. t4026SE4^02 
0 ^ 200804 E ^02 
0 ^ 2 #i 12 « 2 E 402 
0 ^ 32 | 7 AOEt 02 
O.2«1328E>02 
0^20081 9E402 
0 ^ 1403 ME 402 
0.797S73E401 
0.192644E401 


GAUGE hllTPlJTfwVl 

o]. 32 B 720 C 402 0 

0 ^ 32 BA 13 Et 02 0 

0 ^ 32549 IEt 02 0 

0^32B3A9EfO2 0 

0 , 32 R 20 IRt 02 0 

n^32RA94C4'02 «0 

0^32B232E402 0 

0|*3^9399Ct02 0 

0^32?837E+02 0 

Q^ 32569 OKt 03 O 

0.325R42S<»^02 0. 


122074 E «01 

742943 E -02 

tS 2 S 93 e «02 

152993 E *02 

OOOOOOEfOO 

497777 C *02 

OOOOOOEtOn 

IS 2593 E -02 

192 S 93 C *02 

A 10370 C -02 

122074 E -01 


I 



table 1.3 

HFCrtAMlCAL INTERACTIONS - BARE ERANE 
EXCITATION»9.98 WDC 
DATE! 5/17/84 
TIMCi 14111113 
TEMPI 130 r 
SAROt 14.76 PSt 
PRIMARI GAUGEl A/#777Q 
SCCONDRy GAUGEl M7/t?32fl 


APPLIED GAUGE LOAOfLB) GAUGE miTPUTfniVl 


A 

W1 

H7 

k 

W| 



0.329OO0C^01 

O^OOOOOOEfOO 

0.532900F+02 

o].200672etOl 

0,I03011E-01 

Or 

321754Ef02 

0.1 32900F:^02 

a.ooooooKfOO 

0,537900Ft02 

0^*>07S69*CtOI 

0.1067S6E-01 

Or 

321677^402 

0.232900C4'02 

o.oooooo»rioo 

0.532900K402 

n. 1 41 492F402 

0.152n09e»02 

Or 

321632F402 

0*332900C^02 

o.oooooor.foo 

0,532900F402 

o,701«67Ct02 

-0^$1003«-02 

Or 

321565E402 

0.432900l*>02 

O.OOOOOO^fOO 

0.532900F+02 

0,26143«Ff02 


Or 

32!52Se402 

0.532900I5+02 

O.OOOOOOK+00 

0.532900F+02 

0^31Q937Ft02 

•0^I9026)R-01 

Of 

3214646402 

0.43290ne4'02 

O^OOOOOOiTtOO 

0.532900E+02 

0.2fit423Ct02 

•0,122007E»01 

Or 

3215106402 

0.332900K:+02 

0.000000<?4>00 

0.537900F^02 

0^201 9A2r402 


Or 

3215066402 

0«2l2900e>02 

0.000000^400 

0.532900E+02 

0.141594R:402 

0^ 1K9S09C-02 

Or 

3216476402 

0.t32900e^02 

O.OOOOOOK+OO 

0.532900K402 

0^«08331Et01 

0^9I5053E*02 

Or 

3217236402 

0.329000e^0l 

O.OOOOOOF:400 

0.532900F402 

0.201 292F401 

0.1S7S09e»01 

0. 

3217996402 
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TABLE 1.4 

MECHANICAL INTERACTIONS - BARE ERANE 
exCITATinN*o.<»B vnr 
OATEI 5/|«/H4 
TINEI lltJlsOR 
TENPl iJO r 
AAROt 14.80 PSI 
PRINART GAHGEt N1/177A0 
SCCONPRY GAHGEt 


APPLIED GAUGE LOAOfLB) GAUGE hllTPUTImVl 


A 

HI 

NT 

A 

- Ml 


o.ooooooe^^oo 

o.)29ooor4*oi 

0.000000E400 

rO].l22040C«OI 

0^2016455401 

0,0000005400 

o,ooooooF>oo 

0,820000Et0l 

0.000090E400 

-0^1372955*01 

0,5071625401 

0^1526156-02 

O.OOOOOOE+00 

0.l3}900E4>0a 

O.OOOOOOE40O 

-0^1830605-01 

0,8126805401 

0,1526155-02 

o.ooooooe^oo 

0,ie2900E402 

O.OOOOOOE+00 

-0.2440805-01 

0,1118046402 

0,1526155-07 

o.ooooooe^oo 

0.232900Kf02 

O.OflOOOOCt-00 

-0.2898455-01 

0,1423415402 

0,1526156-02 

Q^ooooooe^oo 

0,282900E>02 

O.OOOOOOE400 

-0^3508655-01 

0,1728935402 

0,1526155-02 

O^OOOOOOC'fOO 

0.332900E4^02 

O.OOOOOOEfrOO 

-0^4118855-01 

0,2034445402 

0,1526155-02 

O^OOOOOOK^OO 

0,382900E4'02 

O.OOOOOOEt'OO 

-0.4576505-01 

0,234Q275t02 

0,1526155-02 

O^ooooooooo 

0.432900l»:t02 

O.OOOOOOE400 

-0.5339255-01 

0,2645785402 

0,4578445-02 

Q.OOOOOOK+00 

0,482900Kf02 

O.OOOOODEt'OO 

-0.5796905-01 

0,2951455t02 

0,4578446*02 

O.OOOOOOR^OO 

0.532900^.402 

O.OOOOOOEfOO 

r0^6102005-01 

0,3256675402 

0,6104565r02 

o»oQoooae«^oo 

0,482900^40^ 

O.OOOOOOE400 

-0.5644355^01 

0,2951915402 

0,6104585-02 

o^ooooooc+oo 

0.432900E402 

O.OOOOOOEFOO 

-0.5186705-01 

0,2646555402 

0,3052295-02 

o,oooaooR4>oo 

0.382900Kf02 

O.OOOOOOEfOO 

-0.4576505-01 

0,234^33540? 

0,3052295-02 

O.OOOOOOK+00 

0.332900EtO^ 

O.OOOOOOEfOO 

-0^4118856-01 

0,2035666402 

0,1526156-02 

O.OOOOOOE'fOO 

0.282900fff02 

O.OOOOOOEfOO 

-0.3661205-01 

0,1730155402 

0,1526155-02 

O.OOOOOOE^OO 

0.232900^402 

O.OOOOOOEfOO 

-0^2898455-01 

0,1424485f02 

0,1526156*02 

o.ooooaoE^oo 

0.182900^402 

O.OOOOOOEfOO 

rO^2440805-Ol 

0,1118815402 

0,1526155-02 

0«OOOOOOE^OO 

0. t32900E402 

O.OOOOOOEFOO 

-0^1830605-01 

0,8131375401 

0,1526155-02 

Q«000000C4^00 

0.829000^f0| 

O.OOOOOOEFOO 

-0^1525505-01 

0,5079255401 

0,1526155*02 

o.ooooooe^^oo 

0.329000C401 

O.OOOOOOEfOO 

-0.1220405-01 

0.2025605401 

0.1526155-02 



SECOND 

ryritr 



o.ooooooe^oo 

0.329000(t40t 

O.OOOOOOEfOO 

-0,1220405-01 

0^.2025605401 

o). 15261 55-02 

0,000000^4^00 

0.132900K402 

O.OOOOOOEfOO 

-0,1830605-01 

0,8126805401 

0,1526156-02 

O.OOOOOOE^OO 

0.232900^:402 

O.OOOOOOEfOO 

-0,2898455-01 

0,1423415f02 

0,1526155-02 

0,000000E+00 

0.332900E402 

O.OOOOOOEfOO 

-0,3966305-01 

0,2034905402 

0,3052295-02 

0.000000E400 

0.432900E402 

O.OOOOOOEfOO 

-0,51 86705-01 

0,2645945402 

0,4578445^02 

O.OOOnoOE^'OO 

O.S32900E402 

O.OOOOOOEfOO 

-0,6102005-01 

0,3256675f02 

0,6104586-02 

0,000000C400 

0.432900IT402 

O.OOOOOOEfOO 

-0,5186705r0| 

0,2646395f02 

0,4578446-02 

O.OOOOOOE^OO 

0.332900E402 

O.OOOOOOEfOO 

-0.3966305-01 

0,2035515402 

0,1526156-02 

0,000000c4>00 

0.232900E402 

O.OOOOOOEfOO 

-0,2898455-01 

0,1424486402 

0,1526155-02 

o,ooooooe^oo 

O.t 32900E402 

O.OOOOOOEfOO 

-0^1830605-01 

0,8132905fOl 

0,1526155-02 

o,oooooof:>oo 

0.3290005401 

O.OOOOOOEfOO 

-0.1067855-01 

0.2024075401 

0.0000005400 
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TABLE t.5 

MECHANICAL INTERACTIONS - BARE rRANS 
EXCITATION»9.R8 VOr 
OATE> S/lB/84 
tINCt nt 46 t 59 
TEMPI ISO E 
BAROt I4«B0 PSl 
PRIMARY CAUGEI 
SECONORY GAUGKi A/«2?99 


a 

03 

at 

a 


APPLIED GAUGE LOADCLB) 


A 

0 . 533900 E 4>02 

0 » 93 ? 900 E<f 02 

0.537900E+02 

0.532900E+02 

0«532900E>02 

0 .$ 32900 e ^02 

0.B32900E402 

0.532900E402 

0.532900C^02 

0.932900E+02 

0.532900E402 


Ml 

0.329000E401 

0.!33900r.402 

0.232900Ea^02 

0.332900E+02 

0.432900E^02 

0.S32900E402 

0.432900Et02 

0.332900E^02 

0 . 232900 r +02 

0 .t 32900 E «^02 

0*329000E>Ot 


N 2 

O.OOOOOOE400 

O.OOOOOOE400 

0«000OO0E400 

O.OOOOOOE400 

0 «OOOOOOE 400 

O^OOOOOOEfQO 

0»OOOOOQS400 

O«OOQO0OC40O 

0«0OOOO0E400 

0*000000c400 

O.OOOOOOEa^OO 


A 

0 ^ 322552 Et 02 

O^ 322445 Ea >02 

0 ^ 322308 Et 02 

0^32?IB6Et0> 

n,l 22 D 44 Et 02 

0«32t942E402 

0^322079E402 

0,32220IE402 

n^322354Ef02 

0^372S06E«02 

0.372A2BEa^02 


GAUGE nUTPUTrinVI 

0»199704Ct01 *0 

0^B09171E40t •<> 

0 ^ 141960 Et 07 *0 

0^703Af7E^07 -0 

0*264040E<«>07 *0 

0 ^| 9 BOBBC 407 *0 

«0 

0/^2031 39Et02 >0 

0 ^i 42082 Ct 07 r 9 

0 ^ 809934 Et 0 t -0 

0.t9Q9S7E401 *0. 


M 2 

7899B8E«0t 
7S9445E*0I 
71366IE*01 
198399E*01 
|67B76E*01 
1 971 ^ 3 E» 0 I 
t67876C«*01 
198399E*01 
72B972E-01 
759445E*01 
774706E*0t 



k 

o.ooooooe^^oo 

O.OOOOOOFT^OO 

0«OOQOOOC^OO 

o.ooooooe^oo 

o.oooooor^^oo 

o.f)oooooR+ao 

O^OOOOOOE^OO 

O.OOOOOOE^OO 

o.ooooooe^oo 

O.OOOOOOIC^^OO 

o.ooooooe^oo 

o^ooooooe^oo 

o^ooooQoe^'OO 

o.ooooooe^oo 

O.OOOOOOC'I'OO 

O^OOOOOOE4>00 

O^OOOOOOE^OO 

o.ooooooe^oo 

O.OOOOOOE-fOO 

o.ooooooe^oo 

0«00OOQ0E4'O0 

o.ooooooe^oo 


TABLE 1*6 . 

NCCHAHICAL lNTEBACTTf1N5i • RARE fRAME 
CXCITATJ0N«9.99 vnr 
DATE! 5/18/84 
TIRE! 14t27lOB 
TEMPI 13rt P 
BAROt 14.77 PSI 


PRIMARY GAlIRRt ' 
SECQNDRy GAUGEt 

APPbfEO GAUGE LOAOrtBI 

Nt , N2 

Ml /taaio 
N2/#2228 

A 

GAUGE OlltPUTrmyi 
N1 

M2 

0.329000E4^01 

0.53290OEfO2 

•0.915935E-02 

0^2()2324E4>Oi 

o].323t96ET02 

0.13290BE^U2 

0.512900F402 

•0.152456E-01 

0^B12652E^01 

0^323196E40a 

0.2l2900Ef02 

0.932900E>02 

-0,25951^C»01 

0^I42313E402 

0^323227Ef02 

O.I32900Ef02 

0.532900E+02 

• 0.36637SF.-01 

0^203407E>02 

0^323242E4'02 

0.432900Et^^ 

0.532900r4^0:^ 

•0,4579A8E-01 

0^264501E^02 

0^323272Ef02 

0.5l2900Et<*7 

0.532900E^02 

• n.^#»4q79K«01 

0.325518E4-02 

O^32l2B8Et02 

O.432900Et^^ 

0.532900Ef02 

•0.457948E-0I 

0^264B07E^02 

0^323288rf02 

0.332900E^02 

O.S32950E>oa 

-0^ 3f)4375E*01 

0^203529Et02 

0^323297Ef02 

0.232909E4-02 

0.532900F>02 

-0>2747ftlE-01 

0^142435C4^07 

0^3232426402 

0.13290BK>02 

0.532900^4^02 

-0.152656C-01 

O^R13719E4'OI 

0^3232116402 

0.329000E+01 

0.532900E4-02 

•0.915936P-02 

0.203087E-4'01 

0.323I81E402 

O.32900OEfOt 

SECOMO CYCLE 

0.532900e^02 -o], 91 5934r.*02 

o1.203087C4'01 

o).323181E402 

0.132900Et02 

0.532900P402 

r0.152454E«01 

0^813109E40| 

0^3232116402 

0.212900Et02 

0.532900E+02 

-0^259515E*01 

0^147374E4^02 

0^323242Et02 

0«332900E4>03 

0*532900E+02 

-0^366375E-0| 

0^203468C402 

0^323257E402 

0.432900E4'02 

0.532900^4^02 

•0^457968E»01 

0^2645B1Ef02 

0^32328BEf02 

0.532900Ct0a 

0.S32900E4^02 

•n^5R0093E»01 

0^325609Ef02 

0^3233186402 

0.432908E402 

0.932900E402 

•0.48850QE*01 

0^264ft38Et02 

0^3233036402 

O«332908E^02 

0.532900E4^02 

•0.366375E-01 

0|r2D3544E>02 

0^3232576402 

0.23290f)E402 

0.532900P^02 

«0.259515E<*01 

0;.142466St02 

0^323227C402 

0;132900E+02 

0.532900E4'02 

•0.152A54E-0I 

0.81|B71Et01 

0^3232116402 

0.329000E+01 

0.532900E402 

•0.91S936C«02 

0.203939E401 

0.3231816402 



'A 

J 


TARbE 1.7 

MECHANICAL lNTFPACTim»J5 - RARE FRAME 
excitatiom* 9.98 vnr 
OATEt S/17/84 
TIME* IStOSMS 
TEMPI 130 F 
8AR0I 14.76 PSI 
PRIMARY CAMGEl N7/47778 
SCCONORY GAUGEt 

APPLIED GAUGE LDAOILH) 

A NI N2 A 

0.000O00E400 O.O0000OE*00 0. 329000E+0 I -0. t ]7238E*0t 

O.OOOOOOC^OO O.OOOOOOE+00 0.82VO00E+01 -0. t 37238E-nt 

O.OOOOOOE+00 O.OOOOOOEtOO 0.132900Ct02 -0 . 1 37238C-0I 

O.OOOOOOSfOO O.OOOOOOEtOO 0.t89900E«02 -O. 1 2t<)89E-0t 

O.OOOOOOe+00 O.OOOOOOE+OO 0.232900E+02 -O^ISYAllC-OY 

O.OOOOOOC400 O.OOOOOOC400 0.3824O0E4-O3 ^O.?! 4920E'>02 

O.OOOOOOE+OO O.OOOOOOE+OO 0.332900C+02 .n . 9| 4920E-02 

O.OOOOOOC+00 O.OOOOOOE+OO 0.382900E+0? -0. 4S7460E-02 

, O.OOOOOOE+OO 0,OOOOOOA;+00 0.432900E + 02 -O.45746 0F.-O7 

O.OOOOOOE+OO O.OOOOOOE + OO 0.482900E+0? -0, 30497 IE-02 

03 O.OOOOOQG+OO O.OOOOOOE+OO 0.5329O0E+02 O.OOOOQOE+00 

• O.OOOOOOE+OO O.OOOOOOE+OO 0.48290OE+O2 -0. 104Q73E-02 

O.OOOOOOEfOO O.OOOOOOE+OO 0.437900E+02 -o, 4S7460E-02 

• O.OOOOOOC+00 O.OOOOOOE+OO 0.3R2900E+02 -O . 609<»47Er02 

O.OOOOOOe+00 O.OOOOOOE+OO 0.337900E+02 -0,762433E-02 

O.OOOOOOE+OO O.OOOOOOE+OO 0.282900E+02 -0. 762433C-02 

0.000000+:+00 O.OOOOOOE + OO 0.23290OE+02 -0, l2t989E«0l 

O.OOOOOOE+OO O.OOOOOOE+OO 0.182900+:+02 -0 . 1 57487C-01 

O.OOOOOOE+00 O.OOOOOOE+00 0,137900+>02 -0. 1 52487E-01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.829000E+01 -0. 1 677 35F-01 

O.OOOOOOG+00 O.OOOOOOE+OO 0.329000E+01 -O. 16773SE-0I 

SECOND rVCI.F 

O.OOOOOOG+00 O.OOOOOOE+OO 0.329000E+01 -0. I 6773SE-01 

O.OOOOOOe+00 O.OOOOOOE+OO 0.137900E+02 -0.182984E-01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.232900E+02 rO, t 37238E-01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.332900E+02 -O, 1 06741Er01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.432900E+02 -0. 1 0674] E»01 

O.OOOOOOG+00 O.OOOOOOE+OO 0.S379O0E+O2 -0 . 91 4970E-02 

O.OOOOOOE+OO O.OOOOOOE+OO 0.437900E+02 -0. 1 06741 E-Ol 

O.OOOOOOE+OO O.OOOOOOE+OO 0.332900E+02 -0 . 1 21 489E-0 t 

O.OOOOOOE+OO O.OOOOOOE+OO 0.232900G+02 -0. 1 S7487E-01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.132900E+02 -0. 1 677 35E-01 

O.OOOOOOE+OO O.OOOOOOE+OO 0.329000E+01 -0. I 82984E-01 




GAifan: hiiTPUTCmVl 
wi 

o^S647R:ii:«at 

0^!549017r-01 

o^sn7Rie«oi 

0^S^^7RSi:«0l 

O.S117Rte-0] 

0^5)17R1f:«01 

0^S117R1i:-0t 

0^5^^7Rie»01 

0^5IRR10E-01 

0^SlR530e*01 

0*9490^7C-01 

0^54907?r-0t 

0^5R49R7C->01 

0^5647R:II:-01 

0^!S79A34C:*0I 

O.S947R!ie*OI 

0+.6in036E-01 

0«610036E-01 

0.6^>)7R6e«01 

0.6759RftRr01 

0^ft40R|7E*0i 

0^4t0A36C-01 

0«610A36R«0i 

0.5947R5e-Ol 

A^S70R34C-01 

0^5947RRK:«01 

0;+4t0036R«01 

o..4iooaAe«oi 

0^6759R6e*01 


9i7 

o). 1995046401 
0^5024716401 
O^R04R806401 
0^1107196402 
0^1409R56t07 
0^1711556402 
0^2013906402 
0^2315196402 
0^2614296402 
0^2916916402 
0^3218156402 
0^2917066402 
0,2615976402 
O,2315196t02 
0,2013R06402 
0,1712266402 
0^1410266402 
0,U07R06402 
0,R051856f01 
0^5028796f01 
0.1998096401 

0^+1998096401 

0,8050336401 

0,1409656402 

0,2013346402 

0,2615066402 

0,3217386402 

0,2615216402 

0,2013046f02 

0,1409496402 

0,8051856401 

0.1998096401 



) 


TABliE l.S 

MECHANICAL INTtRACTIOMS - RARE FRAME 
EXClTATlhNsR.Rfl vnr 
DATEl 5/I7/R4 
TIMEl 

TRNPJ no F 
BAROt 14.76 PST 
PRIMAPY GAUGFt N2/*397li 
SeCONORY GAUGCt A/A7229 

APPLIED GAUGE LOAOILB) 

A Nt N7 A 

0.5329006402 O.OOOOOOE400 0.329000E401 0,3196276402 

0.5329006402 O.OOOOOOE 4 OO 0.1329006402 0.3196736402 

0.5329006402 0.0000006400 0.2329006402 0,3196R«6402 

0.5329006402 0.0000006400 0,3329006402 0.1196086402 

0.5329006402 O.OOOOOO 64 OO 0,4129006402 0.3195816402 

0.5329006402 0. 0000006400 0-5129006402 0.3194586.402 

0.5329006402 O.OOOOOOEfOO 0.4329006402 0.3197186402 

0.5329006402 O.OOOOOO 64 OO 0.3329006402 0.3197646402 

0.5329006402 O.OOOOOOE 4 OO 0.2329006402 0.319A106402 

0.5129006402 0.0000006400 0.1329006402 0.3197646402 

0.5329006402 0.0000006400 0.3290006401 0.3198566402 


GAUGE nilTPUTr«V3 

. . Nl , 

0.3507706r01 0.1966066401 

0.32Q269K-01 0.8016776401 

0.3202696»01 0.1406446402 

0.2R97676>01 0.2009686402 

0.3050186-01 0.2611706402 

0.2745166-01 0.3213886402 

0.2745166-01 0.2612016402 

0.2897676-01 0.9009686402 

0.3050186-01 0.140644Et0? 

0.3355206-01 0.8021356401 

0.3355206-01 0.1969116401 




TARI.E t.9 

MECHANICAL INTERACTIONS > BARE rRANC 
EXCITATI0N«9.9B »nc 
OATEi 5/17/94 
TIMEl ISt05t36 
TEMPI 110 r 
RAROt 14.76 PSI 
PRIMARY GAIK;Et H7/»777U 
SECONORY GA'IGEt NI/42210 

APPLIED GAUGE LOADfLBJ GAUGE OIITPUTfwVl 

A Nl N2 A . R1 . , N2 

0,OOOOOOE+O0 0.5a290QEt0T 0.329000Ef01 •0.7177e3E«01 0^325679002 o'TOOTIOEfOt 

O.OOOOOOE*00 0.537900Et02 0.132900E*02 -0,70251 lE-01 0, 325740E-»02 0,R06569C«^01 

O.OOOOOOE^OO 0.5329QQEt02 0.2329000-02 -0.697239E-01 0, 325771 E-»02 0,141306E4^02 

0.0O00O0E4-00 0.532900Et02 0.332900E*02 -0.671967E-01 0,325771E*02 0,201924C-io2 

O-OOOOOOE+00 0.532900Ef02 0.432900Et02 -0 . 656695E-0 1 0,325771Et02 0,262467Cf02 

O.OOOOOOE>00 0.532900E+02 0,532900E^02 -0,641 421E-01 0, 325901 E«-02 0,133039Et02 

O.OOOOOOE-100 0.932900E-f02 0.432900E + 02 -0,656695E-01 0, 325786E-I-02 0^262S12E>02 

O.OOOOOOE-fOO O.S32900Et02 0.3J29OOE402 -0. 67 1 967E-01 0,325R17Ct02 0,301924Et02 

I O.OOOOOOE+OO 0.53290QEt02 0.232900E+02 -0,6P7239E-01 0,325917E402 0, 1 41 336E-»-02 

O.OOOOOOEl-OO 0.S32900E-102 0. 1 32900Et02 -0 . 71 7792E-01 0, 325R12C-I'02 0^ R07026E4-01 

® O.OOOOOOE400 0.532900E-»02 0.329000E401 -0 . 7 13055C-01 0.325932E-f02 0.200698E401 

O SECnNI) CYCLE 

O.OOOOOOE-l-00 0.532900R>02 0.329000E-101 -0,733055E-01 0, 325932E-»02 0^ 900688E-t-01 

• 0,OOOOOOE«-O0 0.532900E-f02 0.132900003 -0, 70251 1 R-01 0,325832E*02 0,906568E*01 

0,000000000 0.532900E>02 0.232900El^02 -0.697239E-01 0,325917E402 0, 1 41 291C-»02 

O.OOOOOOE>00 0.S32900E402 0.332900e»02 -0.656695E-01 0. 325A12E-»0a 0,201879Ef07 

0.O00OO0E»00 0.533900Et02 0.432900Et02 -0,671 967E-01 0,125817Et02 0, 2624a6E'«'07 

O.OOOOOOE+00 0.5}2900Ef02 0.532900E4-02 -0,656695E-01 0, 32581 7E-f 02 0, 322963E4-02 

O.OOOOOOE+00 0.532900E+07 0.432900E*-02 -0. 67 1 967E-01 0,325832Et02 0,762451E«-07 

O.OOOOOOE^OO 0.53290054-03 0.332900E402 -0, 67 1 967E-01 0,325878E402 0,201924E402 

0.O00000E400 0.S3290OE402 0.232900E402 -O,702511E-01 0,3258475402 0,1413215402 

O.OOOOOOE400 0.532900E402 0.132900E402 rO- 7 1 7782E-01 0, 37SR47Ct02 0,8068745401 

0.0000005400 0.5329005402 0.3290005401 -0. 7 3 3055E-01 0.3258475402 0.1980215401 
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TABI.r 3.1 

KECHANICAIj interactions • INSTRUMENTATTON WIRTNS installed 

eXClTAT10N«9.9R VOC 
OATEl 5/31/84 
TINEt mt3tl9 
TRNPl 130 F 
SAROt 14.71 PSt 
PRINARY GAtiGPl A/I773<) 

SECONDPY GAUGEt 


APPLIED GAUGE LQAOILB) GAUGE nilTPUTfliVI 



A 

Nt 

N2 

A 

N1 

M2 


0.329000E401 

O.OOOOOOC^^OO 

O.OOOOOOE400 

0. 19748264^01 

01fI67783C-01 

o). 1526376-02 


0.t32900E403 

0.000000^!^00 

O.OOOOOOE-lOO 

0^804121E^01 

0^2139426«01 

-0.3052746-02 


0.233900E>02 

o^ooooooe^oo 

O.OOOOOOE«^00 

0^140984C4'02 

O.1O506OC-O1 

-0.1068466-01 


0.332900E402 

O.OO00OOI5+OO 

O.OOOOOOE400 

0.70I6I1E402 

0.3811256-01 

-0.1984286-01 


0.43390flC403 

o«ooooooir>oo 

0.000000c»90 

0^26217564^02 

0^5033496-01 

rO. 2136916-01 


0.532900E+02 

0«000000ft^00 

O.OOOOOOE^OO 

0*422717E402 

0^5948676-01 

-0.2747466-01 


0.432900E402 

o^oooooo^c^oo 

o.ooooooe+90 

0*262205K402 

0^5186026-01 

-0^.1984286-01 


0.J32900C402 

O.OOOOOOF.fOO 

O.OOOOOOEl-OQ 

0^2016646402 

0^4118316-01 

rO.1221096-01 

1 

0.232900ET02 

O.OOOOOOICfOO 

O.OOOOOOE^OO 

o«i4i04ie402 

0^3050606-01 

-0.9158216-02 


0.132900C402 

O^OOOOOOK^OO 

O.OOOOOOE*00 

0^8042746401 

0^1982896-01 

-0.3052746-02 

• 

0.329000E+01 

O.OOOOOOK^i-00 

O.OOOOOOEfOO 

0.1980926401 

0.1677836-01 

0.1526376-07 




SECOND 

rvrf.p 




O.I29000CT01 

O.OOOOOOKfOO 

0.0000OOE4-00 

0.1980926401 

0^1677836-01 

o). 1526376-02 

■ 

0.132900E+02 

O.OOOOOOMTfOO 

o.ooooooeVoo 

0.8042746401 

0.2135426-01 

-0.3052746-02 

1 

0.212900ET02 

O.OOOOOOr^OA 

O.OOOOOOE^OO 

0.1410406402 

0^2898076-01 

-0.9158216-02 


0.S12900e^02 

o.aoooooei'oo 

O.OOOOOOEtOO 

0^2016646402 

0.3660726-01 

-0.1526376-01 


0.432900C*02 

o.ooooooc^oo 

O.OOOOnOEfOO 

0^2622056402 

0^4728436-01 

-0.2136916-01 


0.S32900E«03 

O.OOOOOOCtOO 

O.OOOOOOEfOO 

0^1227626402 

0^5796146-01 

-0.2747466-01 


0.432900E4'02 

o.aooooo^4>oo 

O.OOROOflE400 

0^2622166402 

0.4728436-01 

-0.1984286-01 


0.332900E4-03 

o.oooooop:^oo 

O.OOOOOOCtOO 

0;.201648r.402 

0.3811256-01 

-0.1526376-01 


0.232900E4Q2 

o.oooooo*?:too 

O.OOOOOOEfOO 

0^1410916402 

0.3050606-01 

-0.6105476-02 


0.132900E>02 

O^OOOOOOFfOO 

O.OOOOOOEl'OO 

0.8047126401 

0.1982896-01 

-0.1526376-02 


0.329000E4-01 

o.oooooop:^oo 

O.OOOOOOEFOO 

0.1982456401 

0.1830366-01 

0.1526376-02 



tabm: 2.2 

MRCH^NICAL INTER ACTIONS • INSTRUMENTATION tfIRTNG INSTALLED 

CXCI7ATlbN«9«98 VDr 
DATCt S/?l/84 
TIMCl t2lOStt7 
TEMPI 130 r 
BAROt |4.7t P$t 


PRIMARY GAUGES N1/A2230 
SeCONDRY GAUGES 

APPLIED GAUGE t.OADCLB) 

GAUGE OUTPUTCnV) 

A 


N2 

A 

Nt 

0«0000006>00 

0.3290006+01 

O.OOOOOOEfOO 

-0,1068446-01 

0,2015476+01 

0*0000006400 

0.1329006+02 

o.ooooooe«oo 

-0,1984256-01 

0,81 30546f01 

0.0000006+00 

0.2329006+02 

O.OOOOOOC'fOO 

-0.3052706-01 

0.1424266+02 

0.0000006+00 

0.3329006+02 

O.OOOOOOE+^00 

-0.3643246-01 

0,?035466+02 

0.0000006+00 

0.4329006+02 

O.OOOOOOE400 

-0,5036956r01 

0.2446666+02 

0.0000006+00 

0.5329006+02 

O.OOOOOOE'fOO 

-0.6105396-01 

0,3259176+02 

0.0000006+00 

0.4329006+02 

O.OOOOOOR^OO 

-0,5189596-01 

0.2647576+02 

0.0000006+00 

0.3329006+02 

O.OOOOOOE*0<) 

-0,4121146-01 

0.2036376+02 

0.0000006+00 

0.2329006+02 

o.ooooooetoo 

-0,2900066-01 

0,1424976+02 

0.0000006+00 

0.1329006+02 

o.ooooooe>oo 

-0,1984256-01 

0,0136656+01 

0.0000006+00 

0.3290006+01 

O.OOOOdOR^OO 

secoNo 

-0.1221096-01 

0.2019526+01 

0.0000006+00 

0.3290006+01 

o.ooooooe«'00 

-0,1221086-01 

0,2019526+01 

0.0000006+00 

0.1329006+02 

0.0000001:4-00 

-0,1984256-01 

0,9135126+01 

0. 0000006+00 

0.2329006+02 

O.OOOOOOE^OO 

-0.3052706-01 

0,1424416+02 

0.0000006+00 

0.3329006+02 

O.OOOOOOE^OO 

-0,4121146-01 

0,2035616+02 

0.0000006+00 

0.4329006+02 

O.OQOOOOE4-00 

-0,4884126-01 

0,2646016+02 

0. 0000006+00 

0.5329006+02 

O.OOOOAOE400 

-0.6105396-01 

0,32577t6f02 

0*0000006+00 

0.4329006+02 

0.00O00OK«^00 

-0,5342?2E-01 

0,2647576+02 

0.0000006+00 

0.3129006+02 

O.OOOOOOE400 

-0.4121146-01 

0.2036526+02 

0. 0000006+00 

0.2329006+02 

0.00O00QE4-00 

-0,3357976-01 

0.1424876+02 

0.0000006+00 

0.1329006+02 

O.OOOOOOS4-00 

-0.2299526-01 

0.813512Ef01 

0.0000006+00 

0.3290006+01 

O.OOOOOOE^OO 

-0.1373716-01 

0.2023106+01 


0^305362C*02 

0^3053626*02 

0 ^ 3053626-02 

0^3053626-02 

0^4500436-02 

0^9160066-02 

0^4500436-02 

0^3053626-02 

0^3053626-0? 

0,3053626-02 

0.1526016-02 

0^1526016-02 

0,3053626-02 

0,3053626-0? 

0^3053626-02 

0,3053626-0? 

0,6107246-02 

0,4500436-02 

0,3053626-02 

0,3053626-02 

0,3053626-02 

0.3053626-02 


TABLE 2.3 

MBCHAMICAL IMTCRACTIQNS • INSTRUMENTATTON WlRTRC INSTALLED 

EXCITATIOM*9.98 VOr 
OATCl 5/21/R4 
TINCi 12l30l21 

TEMPI tlO F 
BAPOl 14.71 PSI 
PRIMARY GAIiGCt N2/t222R 
SECONDRY GAUGEI 


APPLIED (SAUCE LOAOCLB) GAUGE OIITPOTr mVI 


A 

Nl 

N2 

A 

Ml 

N2 

O.OOOOOOE^OO 

O.OOOODOEfOO 

0.329000EF01 

-O^t06904C*Ol 

0. 1676466-01 

0.1990966f01 

O.OOOOOOE+00 

O.OOOOOOB^OO 

0.132900EF02 

-^0.9l63t9C*02 

0.1676466-01 

0.80S24D6F01 

O.OOOOOOE^OO 

O.OOOOOOEfOO 

0.232900EF02 

-0.9163|9E*02 

0^1676466-01 

O.1411996F02 

o.ooooooe^oo 

O.OOOOOOE400 

0.33290(»Cf02 

•0^9163196-02 

0.1676466-01 

0.2018446F07 

o.ooooooe^oo 

O.OOOOOOEfOO 

0.432900EF02 

•0.916319E-02 

0.1676466-01 

0.2623976f02 

O.OOOOOOE^OO 

O.OOOOOOE^'OO 

0.532900EF02 

•0.9I6319E-02 

0^1676466-01 

0.322966EF02 

O.OOOOOOE^^OO 

O.OOOOOOEFOO 

0.432900EF02 

•0^9163196-07 

0;. 1676466-01 

0.2623676F02 

0«OOOOOOE^OO 

O.OOOOOOEfOO 

0.332900Ef02 

-0^916319€-02 

0.1676466-01 

0.2017836F02 

O^OOOOOOE4>00 

O.OOOOOOEfOO 

0.232900EF02 

-0«.106904E-01 

0.1574066-01 

0.14tl696F02 

o.oaooooE>oo 

O.OOOOOOEFOO 

0.132900EF02 

-0^IO6904E-01 

0.1676466-01 

O.R052406F01 

O.OOOOOOEfOO 

O.OOOOOOEFOO 

0.329000EF01 

-0.I06904E-01 

0.1574056-01 

0.198943EF01 



SECOND 

CYCLE 



D.OOOOOOE^OO 

O.OOOOOOEfOO 

0.329000EF01 

-ol I06904C-0I 

0.15?405Cr01 

0^1 9R9436F01 

O.OOOOOOE4>00 

O.OOOOOOEFOO 

0.132900EF02 

-0.106904E-01 

0^1676466-01 

0.R04629Cl^01 

0.O000O0E>00 

O.OOOOOOEfOO 

0.232900EF02 

-0.106904E-01 

0.1676466-01 

0.I411236F02 

O.OOOOOOE^OO 

O.OOOOOOEfOO 

0.332900EF02 

-O.I06904E-01 

0.1594056-01 

0.2017376F02 

0,OOOOOOEtOO 

O.OOOOOOEfOO 

0.432900EF02 

-0.916319E-02 

0.1524056-01 

0.2623366F02 

O.OOOOOOE4^00 

O.OOOOOOEfOO 

0.532900EF02 

-0^9163196-02 

0.1371656-01 

0.322859EF02 

O.OOOOOOE^OO 

O.OOOOOOEFOO 

0.4379OOEFO2 

-0. 1 06904E-01 

0.1524056-01 

0.2623216f02 

O.OOOOOOE^CIO 

O.OOOOOOEFOO 

0.332900EF02 

r0^106904E-01 

0.1524056-01 

0.2017536F02 

O.OODOOOE+00 

O.OOOOOOEfOO 

0.232900Ef02 

-0.1069046-01 

0.1371656-01 

0.1410936F07 

O.OOOOOOE^OO 

O.OOOOOOEFOO 

0.132900EF02 

-0.1374486-01 

0.1524056*01 

0.0049346F01 

O.OOOOOOE+00 

O.OOOOOOEfOO 

0.329000EF01 

-0.1374486-01 

0.1524056-01 

0.1984856F01 
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TABLE 3.t 

NECHANICAt. INTERACTIONS 
AIR LINES ( INSTRUHENTATION WIRING INSTALLED 
E*CITATI0N»9.<»8 vnr 
DATE: 5/22/84 
time: 08t09tt3 
TENPl 130 F 
BAROt 14.73 PSI 
PRIMARY GAtIGEt A/t777R 
SECONDpy GAUGE! 



APPfiTCD GAUGK LOADCLB) 


GAUGE nilTPUTfiiVl 



A 

Nt 

N9 

A 

W1 



0.3)9000E4>0| 

0.00000064^00 

o.ooooooc^oo 

0.19644BC401 

0.1370906*01 

0^0000006400 


0.|32900e^02 

o.oooooortoo 

0.000000E400 

O.00t292640t 

0.1679946-01 

0.3054996-02 


0«232900e:^02 

o.oooooos^oo 

O.OOOOOOEtOO 

0.140473640? 

0.1827866*01 

0^1221986-01 


0*33?900C<^02 

O.OOOOOOCfOO 

O.OOOOOOE400 

0^2012166402 

0.2132916*01 

0.2138476-01 


0*432900e^02 

O.OOOOOOEfOO 

O.OOOOOOEt'OO 

0.26166116402 

0. 2437196-01 

0^3207706*01 


0«5l?900et02 

O.OOOOOOE4>00 

O.OOOOOOC4AO 

0.3220096402 

0.2R94126r01 

0.4124186-01 


0.432900E^02 

O.OOOOOOE400 

O.OOOOOOE^OO 

0.2617296402 

0.2284836*01 

0.3207706-01 

1 

0.132900(C^02 

0.00000064^00 

O.0OOOOOE4OO 

0.2012466402 

0.1679946*01 

0^2138476-01 

OD 

0.2329006^02 

O.OOOOOOEfOO 

O.OOOOAOE4>QO 

0^1407796402 

0.1370906*01 

0.1221986-01 

O*t329O0EfO2 

O.OOOOOOEfOO 

0.ooooooE'»no 

0.0022086401 

0.1370906*01 

0.3054956*02 


0.3290006^91 

0.0000006400 

O.OOOOOOE^OO 

0.1973846401 

0.1210576-01 

0. 1527486-02 

Cr4 



vSECOND 

rvctr 




0.329O00E^0l 

0.0000006400 

O.OOOOAOE400 

0^1973946401 

0.1218976-01 

0.1527406-02 

1 

0. t12900E^03 

0.0000006400 

O.OOOOOOE4-O0 

0.8020936401 

0^1218576-01 

0^3054956-02 


0«232900e^02 

0.0000006400 

O.OOOOOAEfOO 

0.1407646402 

0^1370906-01 

0.1069236-01 


0.332900E>02 

0.0000006400 

O.OOOOOOEl-00 

0.2012466402 

0|p 1370906-01 

0.2118476*01 


0.43290064^02 

0.0000006400 

o.ooooooEi-ao 

0.2616986402 

0. 1827866-01 

0.3054956-01 


0.932900Ef02 

0.0000006400 

O.OOOOOOF.fOO 

0.3221506402 

0.2437156-01 

0.3971446-01 


0.432900E4'02 

0.0000006400 

O.OOOOOOE4^00 

0.2617296402 

0.1980186-01 

0.2902206-01 


0*332900Et02 

0.0000006400 

0.00O000E>00 

0.2012926402 

0.1593226*01 

0.2138476-01 


0.23290064^02 

0.0000006400 

0.000fl00b>00 

0^140795640? 

0.1370906*01 

0.1221986-01 


0.13290064^02 

0.0000006400 

O.OOOOOOEtOO 

0^8028186401 

0.1066296-01 

0.3054956-02 


0.3290O0R4-QI 

0.0000006400 

O.000O00E400 

0^1901486401 

0.91 39316-02 

0.1527406-02 



TABI.e 3.2 

MCCHIlNICAt INTeAACTTnNft 
AIR liINeS t INSTRUMFNTATIDN IiTIRT^K: ih^taulko 
RXCITATI0N«9.99 vnr 
DATCt 5/22/84 
TIRtI 09t01t30 
TCRPt 130 r 
6AROS 14.73 PSt 


PRIMARY GAUGFt Ml/t2230 
SECONDRY GAUGCt 

APPLIED GAUGE LOAOCLB) 

GAUGE bllTPUTCmV) 

A 

Ml 

N2 

A 

W1 

o.ooooooetoo 

0.329000ET01 

O.OOflOOORtOO 

•1)^1 A80A2e*01 

0.201742CtO| 

O.OOOOOOCfOO 

0.132900ET02 

0.0000O0E'»00 

•0.32084AC»01 

0.8t3220CT01 

O.OOOOOOETOO 

0.232900ET02 

O.OOOOOOETOO 

*0.4|2516E»01 

0.142378ET02 

O.OOOOOOETOO 

0.332900ET02 

o.ooooooetoo 

*0.504t88e«01 

0.20346SCT02 

O.OOOOOOETOO 

0.432900ET02 

O.OOOOOOEfOO 

•0^580H78E-01 

0^254476eT02 

O.OOOOOOETOO 

0.532900ET02 

o.ooooooetoo 

•0.702805E-01 

0.325A71EtO2 

O.OOOOOOETOO 

0.432900ET02 

o.ooooooetoo 

•0.611115C-01 

0.26450ACT02 

O.OOOOOOETOO 

0.332900ETO2 

O.OOOOOOETOO 

•0.488908e«01 

0.20351tET02 

O.OOOOOOETOO 

0.232900ET02 

o.ooooooetoo 

•0.38l959E»0t 

0.142455CT02 

O.OOOOOOETOO 

0.132900ET02 

o.ooooooetoo 

-0.259732E*01 

0.813373Ct01 

O.OOOOOOETOO 

0.329000ET01 

o.ooooooetoo 

SECOND 

•0.168062E«0| 

rYC}iE 

0.202657ET01 

o^ooooooetoo 

0.329000CT01 

o.ooooooetoo 

•O.168062E>»01 

0^20?657ET0| 

O.OOOOOOETOO 

0.132900FT02 

o.ooooooetoo 

-0.229t76E-0t 

0.813373ET01 

o.ooooooetoo 

0.232900ET02 

o.ooooooetoo 

-0.33ei24C«01 

0.142363Ct02 

o.ooooooetoo 

0.332900ET02 

o.ooooooetoo 

-0.427794E*01 

Q.203389CT02 

o.ooooooetoo 

0.432900ET02 

o.ooooooetoo 

•0.5)4743e«0l 

0.264359ET02 

o.ooooooetoo 

0.532900ET02 

o.ooooooetoo 

•0.626413C«0| 

0^325379Ct02 

O.OOOOOOETOO 

0.432900ET02 

o.ooooooetoo 

•O.M34743E*01 

0.26444SET02 

o.ooooooetoo 

0.332900ET02 

o.ooooooetoo 

•O.45835tE*0l 

0.203435CT02 

O.OOOOOOETOO 

0.232900ET02 

O.OOOOOOETOO 

-n^3A558ie»01 

0.14?394ET02 

o.ooooooetoo 

0.132900RT07 

o.ooooooetoo 

•0.336t24F»01 

0.813525ET01 

o.ooooooetoo 

0.329000ET01 

o.ooooooetoo 

-0*2I3897C«01 

0.2029Iv2Et01 


O^305185i:-02 

0^30518SE*02 

0^3051B5E*02 

0^305185E»02 

0^457777E-02 

0^457777C-02 

0^457777E-02 

0,305185E*02 

0^305185C»02 

O^30S185E»02 

O.3O5105e«O2 

0'^305185E-02 

O^30S185E«02 

0^30518SE»02 

0^305I8SE»02 

0;.305t85E»02 

0;.30S18Se«02 

0;.305185R»02 

0^305185C-02 

0^152593E»02 

0^|52593E*02 

0.152593E-02 



') 


TAPLK 1.3 

MECHANICAti INTERACTTUN8 
AIR LINES t INSTRUMENTATION WT«ING INSTALLED 
EXCITATIONa9.98 WDC 
DATE: 5 / 22/94 
TINE: O9tlO:40 
ICMP* 130 E 
BAROt 14,73 PSI 
PRIMARY GAUGEt N2/4222H 
SCCONDPV GAUGE! 

APPLIED GAUGE LOADfLB) 

A Ni N2 A 

O.OOOOOOE'fOO O.OOOOOOEfOO 0 . 129000C'f 0 1 >Q.915682C>02 

O.OOOOOOE-EOO 0.000Q0QE400 0, 1 32900C'E02 -O.RISSSTE-Oa 

0.00OO00C400 O.OOOOOOE^OO 0.232900C«02 >0,106R10C>01 

O.OOOOOOCaOO O.OOOOOOEfOO 0.33?900Ef02 >0. 1 06830E-01 

O.OOOOOOEf^OO O.OOOOOOE400 0.432900E«02 -0. 91 S«H 2Er02 

O.0O0O00E4-00 O.OOOOOOE400 0.532900E«02 >0. 9t$S82C«02 

O.OOOOOOOOO O.OOOOOOEaOO 0.432900E>02 -0.915682E-02 

« O.0OOOOOC4O0 0.0O000OE4-00 0.332900EA02 -0. 1 06830E-01 

O.OOOOOOEfOO O.OOOOOOEaOO 0.332900E«02 -0.91 5682E-02 

, O.OOOOOOEFOO O.OOOOOOEFOO 0.132900CF02 -0. 915682E-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.329000Ef01 -0.915582E-02 

^ SECOND cycle 

, O.OOOOOOEfOO O.OOOOOOEfOO 0.329000Cf01 -0.915682E-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.132900Ef02 -0.91$682E-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.232900Ef02 -0.91S082E-02 

O.OOOOOOEFOO O.OOOOOOEFOO 0.332900EF02 -0.7S3068E-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.432900Ef02 -0.76306BE-02 

O.OOOOOOEFOO O.OOOOOOEfOO 0.932900EF02 -0.7«3068C-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.432900Ef02 -0. 703068E*02 

O.OOOOOOEFOO O.OOOOOOEfOO 0.332900Ef 02 -0.7«306iE-02 

O.OOOOOOEfOO 0;OOOOOOEfOO 0.232900Ef02 -0.763068E-02 

O.OOOOOOEFOO O.OOOOOOEfOO 0.132900Ef02 -0. 763068C-02 

O.OOOOOOEfOO O.OOOOOOEfOO 0.329000EfO| -0.9158R2E-02 



GAUGE OUTPUT(mV) 

Ml M2 

0.167623E-01 0.199038Ef01 

0.167S23E-01 0.805770EF01 

0.167623E-01 0.141250EF02 

0.167623C-01 0.201847EF02 

0.1R2861E-01 0.2624R9EF02 

0.167fi23E-01 0.323010EF02 

0.167623C-01 0.262428EF07 

0.167A23E-01 0.201832EF07 

0.1S7S23E-01 0.I41204EF02 

0.167A23E-01 0.805922EF01 

0.167S23E-01 0.199496EF01 

0.167623E-01 0,199496Ef01 

0.167A23E-01 0.80S464EF01 

0.167623E-01 O.1411SBEF02 

0.167623E-01 0.201770Ef02 

0.1S7623C-01 O.262367CF02 

0.167623E-01 0^322949Ef02 

0.1S7fi23E-01 0.262383EF02 

0.1A7S23E-01 0,20175SEf02 

0.1S7A23E-0I 0,14US8Ef02 

0.167S23E-01 0.R0S464CF0t 

0.167S23E-01 0.t9919tEF01 






